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OPERATIONAL ABORT PLAN FOR THE ArOLLO 8 MJOSION 
By Contingency Analysis Section 


1.0 SUMMARY 


A continuous method of returning the flight crew safely to earth 
for the Apollo 8 mission - with cr without ground contro^help - has 
been defined. The rationale and supporting data are -given. These 
supporting data consist primarily of (1) maneuver monitoring techniques 
and limits used to protect against known constraints, end (?) abort 
trajectory data produced by computer simulations of the recoranended 
abort procedures. 


2.0 


INTRODUCTION 


The purpose of this document is to demonstrate that an adequate 
abort plan exists for all mission phases of the first uanned Apollo 
Saturn flight to the moon, the Apollo 8 (C 1 , Alternate 1) mission. In 
addition, it presents information that could be used by ground controllers 
and the crew to provide safe abort capability for a December 21, 1968 
launch date and a 72° flight azimuth. Variations in the information in 
this document due to changes in the launch azimuth and monthly launch 
window will be included in a later document. 

Of particular importance la the relationship of the various methods 
of aborting described in this document and the capability to abort at 
any time, normally provided by RTCC and ground control procedures. This 
relationship Is best illustrated by figure 2-1, which also indicates 
the failure level from the nominal mission required before a particular 
abort mode would be used. It is seen that most crew-determined abort 
circumstances occur during a powered-flight phase of the mission, which 
requires that nominal maneuver monitoring procedures provide the neceasa-.y 
safety constraints to insure abort capability. Detailed ground and crew 
procedures for all methods of abort required for this mission are 
presented in references 1 and 2. This document consists primarily of 
abort trajectory data which would result from aborting with each of the 
methods identified In figure 2-1. In general, these are abort methods 
which the crew can use without help from the ground. Also, this abort 
plan shows that a procedure and the required data will be available 
throughout the Apollo 8 mission if a contingency should arise. Launch 
phase and TLI trajectory information was obtained from reference 3, and 
the nominal spacecraft trajectory characteristic* were obtained from 
reference U. % 

Input constants common to the analyses of the phases of the mission 
are presented in appendix A. 

The Contingency Analysla Section Is conducting an analysis to 
determine the limitations on BCS aborts from the nominal and dispersed 
TLI burns. Appendix B present* pertinent data now available for the 
nominal trajectory. 
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ACPA 

ADPA 

AOL 

c.g. 

CDR 

CLA 

CM 

CMC 

COl 

CSM 

PSKY 

FMS 

EPL 

EPO 

EOI 

ESS 

« 

g.e.t. 
G.m.t. 
FCUA 
FDA I 


3.0 ABBREVIATIONS 

Atlantic continuous recovery area 
Atlantic discrete recovery area 
Atlantic 0~ean line (recovery) 
center of gravity 
coroander 

contingency landing area 
command module 
CM computer 

contingency orbit insertion 
command and service modules 
display keyboard 
entry monitoring system 
Eastern Pacific line (recovery) 
earth parking orbit 
earth orbit insertion 
early s-IVB staging 

entry load 

ground elapsed tis» 

Oreenvich mean time 
fuel-critical unspecified area 
flight director attitude Indicator 
specific impulse 
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IGA 
I MU 

I 1 ' 1 !. 

L/t> 

:,i » 
LEV 
IM 
IGI 
I M 1 
T 01 2 

HO 

LTAR 

l.V 

MCC 

MCC-H 

KGA 

MNVS 

MTL 

MG I 

MfTC 

MSK« 

NPY 

UR 

OGA 


Inner gimbal angle 
inertial measurement unit 
Indian Ocean line (re :c very) 
l'ft-to-drag ratio 
launch escape tower 
launch escr.pe vehicle 
lunar module 
lunar orb-.f insertion 

LOT into a 60- by lYO-n. ri. altitude orbit 

lurar orbit circMlarization burn into a 
CO- by lfO-n. ai . altitude orbit 

lunar parking mbit 

lunar test article B 

launch vehicle 

midcourse correction 

Mission Control Center - Houston 

middle gimbal angle 

multi-vehicle N-stage eompvter program 

mid-Pacific line (recovery) 

noon's sphere of influence 

Marshall Space Plight Center 

Manned Space Flight Network 

non propul sire vent 

Uorth American Rockwell 

outer gimbal angle 
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F— 11 
I’-36 
F-GNCS 


r 



RCS 

PEFSMMAT 


PTC C 
SC 

scs 

SCT 

F-IVB 


SW 

SM 

SPS 

T ff 

T 

T i« 

TAP 

T !» 7 

TFC 


TCI 

•m 


CMC program 11 

CMC program 36 (return to earth) 

primary guidance, navigation, and control 
system 

radius 

predicted full-lift landing range from ths 
launch pad 

reaction control system 

transformation matrix from Inertial to 
stable member (IMU) 

Peal-Time Computer Complex 

spacecraft 

stabilisation and control subsystem 
scanning telescope 
launch vehicle third stage 
spacecraft LM adapter 
•errice module 

service propulsion subsystem 
time off free fall 
lift-off 

time of ignition 

time fro* abort to r* entry 

time hase 7 - initiated at Til cutoff 

transearth coast 

transearth injection 

total night time from TU, U>1, cr Til 
shutdown to landing 


thermal control 


t ran 5 lunar coast 
translunar Injection 
Unified S-band System 
West Faclfic line 

difference betveen the cntoard predicted 
landing point and the nrde III target 
point 

total sensed velocity change 


L .0 GUIDELINES AND CONSTRAINTS 


This document is based on a number of fundamental guidelines and 
constraints of which the most important are listed below: 

1 . An abort is defined a* the recognition and performance of 
those conditions necessary to terminate the current mission and return 
the flight crew to earth. 

2. An t iternat* mission is defined as the continuation of the 
flight usuall. with less ambituous objectives thro originally planned. 

3. Feturn-to-earth abc rt maneuvers are normally targeted to CLA's. 
The CLA's for the Apollo 8 mission are shown in figure fc-1. 

L. Aborted mission return timeB are consifcter.t with known system 
constraints and generally are optimized to provide the fastest return 
for the least AV. 

5. The maximum velocity required for an abort will not exceed 
10 000 fps. 

6. Return-to-earth inclinations will not exceed Lo°. 

7. The inertial velocity at entry will not exceed 36 333 fps. 

8. All planned abort maneuvers normally use the external AV 
steering mode. 


Geodetic latitude 
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5.0 LAUNCH PHASE 


The launch abort trajectory data ohovn provides Information on 
abort monitoring, abort maneuver requirements, and abort results. It 
Is assumed ’•.hat the launch vehicle performance can vary over a vide 
range of conditions during launch. Therefore, these conditions must 
be bounded by limits that would allov sufficient reaction time by the 
crew and spacecraft systems operations to perform a safe abort. . To 
prevent a flight vith unsafe conditions abort action would be initiated 
if the launch vehicle 'iolatee these limits. To avoid aborting 
a successful launch, e limit lines are defined for the least restrictive 
conditions which will dlov a safe abort. 

During launch the vei city, altitude, atmosphere, and launch 
configuration change drastically} therefore, several abort modeB, each 
adapted to a portion of the launch trajectory, are required: 

1 . Mode I aborts protect the SC and crew while the LV is on the 
pad and in atmospheric flight. They utilize the launch escape system 

for safe separation, and the aborts result in a suborbital trajectory , 

vith landings In the ACRA. 

2. Mode II abort capability begins once the LET has been Jettisoned 
(l87 seconds g.e.t.) and continues until the COI capability begins 
(Vj * 23 6X) fps) or until the resulting landings threaten the African 

coast (R, a - 3200 n. mi.). Mode II aborts consist of a manual CSM 
1 P 

separation from the LV, CM/SM separation, an entry orientation maneuver, 
and an open-loop, full-lift entry. These aborts result in a suborbital 
trajectory with landings in the ACRA also. 

3. The mode III abort capability begins once the mode II ends 
and continues until the maneuver violates free-fall time (approximately 
2 seconds prior to the first S-IVB cutoff signal at 680 seconds g.e.t.) 

The mode III aborts consist of a manual CSM separation, a fixed-attitude 
SPS retrograde burn, CM/SM separation, an entry orientation maneuver, 
and an open-loop, bank -left 55° entry. These abort maneuvers result 
in a suborbital trajectory vith landings at the ADRA approximately 
3350-n. mi. down range of the launch pad. Just south of the flight 
azimuth. 


1*. Mods IV, i.e., COI capability or apogee kick, begin* once the 
SPS can be used to insert the CSM into a eaf* orbit (V i ■» 23 600 fpa) 



la the predicted full-lift landing range from t m launch pad. 


J 


5-2 


ind continues until the LV rias obtained a safe orbit. The COI maneuver 
oor..si.9*s of a manual CSM separation, a f ixed-attit*.d i, poslgrade SPS 
l i ,i vhich results in at least a 75-n. mi. perigee altitude, and subsequent 
.’IS d. -orbit to a plannel landing area. These maneuvers result in a 
s:;. - " rbitnl trajectory fvom vM.'h an alternate misfi-^n **r an immediate 
ieorbit can be planned. 

: ■)!« launch abort r.Mt capabilities are summarized on a bar chart, 

figure 5-1, for the nom'.nul launch azimuth, December 21 timeline. 

•!.-*, r.ovn is the eai-ly S-IVb staging (ESS) capabilitj region, vhich 
:ef ine £ vhen the S-IVS can direct stage from the S-II (353 seconds g.e.t.) 
ir.i still achieve a parking orbit. 

The launch abort data shewn here is consistent with the latest 
A;>- llo 8 (Alternate 1) characteristics and is for aborts from the 
i r’rir.al 72° azimuth launch trajectory. A detailed analysis for CSM 

| aborts (modes II, III and IV) from a typical Saturn V launch trajectory 

j vhich shows the effects of variable launch azimuth, is shown in 

reference 5. That data 13 directly applicable to this mission and can 
J be used tc estimate the effects of variable azimuth on the launch abort 

; :r. ies . The sensitivities of the various launch abort parameters for 

: variations in weight, altitude, burn attitude, and other parameters are 

ni u-useed in reference 6 . Another document that should be used to 
\ supplement the launch abort information presented is reference 2. This 

reference presents the launch phase abort techniques and data flow for 
the Saturn V Apollo launch ei . It contains the flow charts and 
accompanying rationale for the abort cues, decisions, and data flew for 
each of the abort modes. 


5.1 Launch Trajectory Monitoring 

5.1.1 G round monitoring .- The ground (MCC-H) flight controllers 
have the primary responsibility of monitoring the trajectory during the 
launch phase. Tho ground is prime for determining abort trajectory 
limit violations, abort mode decisions, and the GO - NO-GO orbit 
insertion status. To aid the ground's trajectory monitoring are the 
flight dynamics displays. These consist of the launch digitals and 
projection plotters displayed on cathode ray tubes and analog plotboards. 
The displays are driven by real-time computer computations based on the 
actual flight data received from the MSFN . The Flight Dynamics displays 
currently being used in Apollo 8 simulation are presented in reference 7. 
These displays will be similar for all the planned Saturn V launches 
and are defined in reference 5. 


The launch abort trajectory limit ■ are sunnarlsed on figure 5-2. 
These limits include * atructural breakup limit, l6g limit, a 100-stcond 
free-fall time limit, and a potential exit heating limit (currently under 
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investigation at NR). These limits define a launch corridor thr.t is 
acceptable for safe SC abort capability. In addition to the limits 
ar.d the nominal trajectory, the S-IVB early staging and the SPS COI 
capability linos are shown. The latter two lines define, respectively, 
when the S-II has progressed sufficiently for the S-IVB to direct stage 
into a parking orbit (100 n. mi., circular) and when the S-IVB has 
progressed enough for the SPS (mode IV) to insert the SO in contingency 
orbit (hp > 75 n. mi . ) . 

Comparing the COI capability with the ^ubcrbital capability for the 
near-lnsertion region, the abort mode overlap can be determined. This 
is shown on fig. re 5-3 and, as can be seen, the mode IV COI capability 
overlaps the end of mode II and all of mode III along the nominal 
trajectory. Also shown are the dispersed S-IVB cutoff conditions that 
would require a node III or apogee kick maneuver. The 75-n, mi. perigee 
altitude line is shown to indicate when the S-IVB has achieved a GO 
orbit and a 500-n. mi. apogee line is shown to indicate an S-IVB 
overspeed condition. Note that mode III capability Is limited by a 
100-second t ff constraint and increased insertion ranges would further 

restrict the mode III capability. Therefore, large mode III SPS burns 
could be terminated on the 100-second t^ limit prior to achieving the 

landing target. Zero lift (roll left 90°) is recommended for those cases 
that requir* premature termination. 

The trajectory lines shown on figures 5-2 and 5-3 are analogous to . 
the plotboard information being displayed to the flight controllers 
in real time. Comparing the actual launch trace with this trajectory- 
information will aid the flight controllers in determining the trajectory 
status during launch and to determine the appropriate abort mode, 
if necessary. The ground will keep the crew informed on the trajectory 
status by voice communications and request abort action by both voice 
and the abort light upon abort confirmation. 

5.1.2 Onboard monitoring .- During launch, the crew has CMC program 
P-11 and its corresponding DSKY displays, and the FDAI displays to 
facilitate trajectory monitoring. P-ll is automatically initiated uj>on 
lift-off (or manually by V75E) and is available until the ground or 
crew commands program 00. Normally the ground will inform the crew 
of their trajectory status. However, if voice communications were lost 
during the launch, the crew would have to depend or. these displays for 
this information. Table 5-1 shows the values of the DSKY parameters 
for a nominal launch, which were computed with the COLOSSUS guidance 
equations (ref. 0) for Apollo 0. The nominal FDAI attitudes during 
the launch are shown on figure 5-9. The DSKY displays are updated 
every two seconds and displayed to the crew. Any time the ground should 
rule the SC guidance NO-GO, the computer would be commanded to progrem 00 
and these DSKY di splay e would no longer be available. 



In conjunction vith the DSKY display# associated vith P-11 (fig. 5-4), 
•.vo onboard charts (figs. 5-5 and 5-6) are proposed for use in the event 
«>f voice communi cat ions Joss during the launch. The basic DSKY displays 

for launch monitoring are the inertial velocity, Yj , altitude rate, h, 

mu altitude, h, parameter?. Therefore, these are the parameters used 
to govern the charts. The charts vith the DSKY are to be used to help 
o-t ermine vhen and what abort action is necessary. These functions 
1 i normally be conducted by the ground vhen voice communications 
■ xirt. Once the abort decision has been fade, the c rev vould use the 
I parameters to monitor the abort burn. The node 111 and IV SPS burn 
:» .lition times are for 125 seconds after S-IVB cutoff; other ignition 
t !r.es vouli be incompatible rfith the C01 capability shovn on the onboard 
t ar.d vith burn verification runs made by the ground. If TFP becomes 
■ : *1 to 100 seconds and is decreasing during a burn, the burn must be 
t v lir.atcd and Immediate entry preparation initiated. Caution should 
1. employed during the mode IV burn. If anytime during the burn perigee 
altitude starts decreasing, the burn should be terminated; ar.d if term- 
inated vith h p < 75 n. mi., a mode III abort should be initiated vhen 

h < 0 or h a < 75 n. mi. and an apogee Kick should be initiated vhen h > 0. 

Chart 1, shovn on figure 5-5 , shows the nominal altitude rate versus 
velocity trace and the current abort trajectory limits. Should the 
actual flight trace violate the booster breakup line cr the maximum 
entry load limit line (l6g), an abort is required. If the trace 
arpi . 3ches the limit line, V02E and N50E should be calle-d and abort 

a.’tion is taker, vhen t^ equals 100 seconds and is decreasing. Note that 

over, if voice communications were lost, the ground night still be 
able to command abort action by using the abort light. Because of the 
sensitivity of the l6g limit line to altitude, this limit is shovn for 
several different altitudes, and the current altitude displayed on the 
ICKY vculd govern which abort limit to use. 

Chart 2, shovn on figure 5-6, shows the nominal altitude rate versus 
velocity trace for approximately the last 2 minutes of the launch. This 
chart expands the region where abort capability starts varying rapidly. 

The primary use of this chart is to show for vhat S-IVB cutoff conditions 
001 capability exists. Therefore, the COI boundary is defined for 
different altitudes. Since the altitude is fairly static near insertion, 
the crew could cnoose the appropriate COI boundary and determine vhen 
the S-IVB trace crosses into the COI capability region. The other abort 
capabilities can be determined directly from the DSKY. Once tower 

Jettison hae occurred, mode II capability extends until AR* becomes 
greater than -368 n. ni., which corresponds to a full-lift landing at 


a AF, or SPLERROR , is the difference between the onboard predicted 
landing point and the mode III target point. 
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3200 n. ml. S-IVB cutoff conditions resulting in a AR of between -368 
and 0 n. mi. when a suborbitai abort ic required indicate a no-burn, 
half-lift entry abort procedure; for AR > 0, a node III burn is required. 
A 00 orbit is achieved vhen perigee altitude is greater than or equal 
to 75 n. mi. 

Note whenever the t^ is 59 minutes 50 seconds, the AR computatitn 

is invalid. This is true once the perigee altitude becomes greater 
than 300 000 ft. If a node 1 J I burn is required in this region, AR 
will become valid vhen the burn has progressed enough to decrease perigee 
altitude belov 300 000 ft. 


The effects of varying launch azimuth in the AR computation are 
currently under investigation. Because the AR computation is based 
on the mode III target (ADRA) being loaded prepunch, this computation 
would be erroneous for launches on other than the planned launch azimuth. 
The need, frequency, and procedure for updating this target will be 
determined in this study. 


5.2 Input Data j 

I 

5.2.1 Launch vehicle trajectory and characteristics .- The launch 

abort information enclosed was generated based on the initial conditions 
taken from a launch trajectory listing of MSFC's B7 tape (EPO, 72’ launch 
azimuth) for Apollo 8, as defined in reference 3. The initial abort . 

conditions (LV shutdown) are assumed coincident with the printout on I 

the launch trajectory for that time of abort, and the LV tailoff ( 

(ref. 9) is simulated prior to SC separation. Flight-path angle and , 

altitude dispersions were simulated by varying these parameters at the 

time of abort and holding the other parameters constant. 

The nominal trajectory parameters for this launch are shown on 
figures 5-7, 5-8, and 5-9. The variation of the inertial velocity, 
inertial flight-path angle, altitude, and down-range distance with j 

ground elapsed time are presented on figures 5-7 and 5-8. The SC j 

IMU global angle readouts for the nominal launch are presented on 
figure 5-9. These plots represent the main initial conditions simulated 
for these launch abort trajectories. 

5.2.2 S pacecraft characteristics and trajectory constants .- CM 
aerodynamics vere defined for Apollo 8 beginning-of-mission c.g. location 
as veil as SC mass properties from reference 10. 

Earth model constants and S-band tracking station locations for 
manned Apollo missions vert taken from references 11 and 12, respectively. 

The launch pad (39A) location was taken from reference 13. The entry 
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interface altitude is **00 00* ft, and the reference altitude for the 
t ff calculation in the launch p! ise is 300 000 ft. 


The j?C* attitude for the node III, node IV, anj apogee kick SPS 
hums- are consistent with the scribe nark positioner the command 
pilot's vindov. The angle let veer, the line of sight along the 
scribe nark and the CSM X-body axis is 31.7* (ref. 1**). This scribe 
risk is lined up vich the horizon at burn ignition, iuring an EPS 
burn the thrust axis is aligned through the e.g. and, for the launch 
rtort burn 3 , is held inert tally fixed (SCS automatic) throughout the burn, 
these simulations assumed that the thrust axis vas oriented through the 
SF? thrust vector mil offset position (2.15° pitch, ref. 15). This 
jllgnr.ent vill be updated *c the actual c.g. for the final mission 
support data. The yav error c: rresponding to this thrust vector offset, 
is considered negligible for this analysis. 

The mode II, mode III, and C0I trajectories vere simulated vith 
the multi-vehicle N-stage (‘-MIS) computer program defined in reference 16. 
11. U program has the capability to simulate both powered 3rd coasting 
flight. For these studies vehicle rotational dynamics do not have any 
significant effect and vere not investigated. 


5.3 Suborbital Aborts 

5.3.1 Mode 1 LEV aborts .- The possibility of mode I LEV aborts 
from the Saturn V vehicle launched from complex 39A exists from the 
time the LEY is armed until tower Jettison at approximately 3 minutes 
7 seconds g.e.t. 

The LEV is designed to accelerate the CM uvay from the LV to a 
safe separation distance and far enough down range from the launch 
pad for a safe water landing. Mode I aborts are divided into three 
categories: mode la (low altitude), mode lb (medium altitude), and 

mode Ic (high altitude). 

This analysis used the Apollo 3 LY operational flight trajectory 
(ref. 3) and the CSM/LM spacecraft operational data book (ref. 10). The 
LEY configuration is presented in figure 5-10. 
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The following is i summary of the xode I LEY abort sequences. 


T * 0 seconds 

7 ♦ 11 seconds 
T + 14 seconds 

T + l^.L seconds 
I ♦ 16 seconds 
T ♦ 23 seconds 

10 5 00- ft altitude 


Mode la (0 to 1*2 second? g.e.t.) 

fire launch escape motor and pitch 
control nctor 

deploy canard.; 

Jettison tower and boost -protective 
cover 

Jettison apex cover 

deploy drogue chutes 

deploy main chutes if the 
g.e.t. < 37 seconds 

deploy main chutes if the 
g.e.t. ^ 37 seconds 


(b) Mode lb (end of node la to 103 seconds g.e.t.* 
or approximately ICO 000-ft altitude) 

T = 0 seconds fire launch escape motor, pitch control 

motor is not ignited after seconds 

T + 11 seconds deploy canards 


If g.e.t. < 6h seconds: 


T + 1^ seconds 

T + 14,4 seconds 
T ♦ l6 seconds 
10 500- ft altitude 


Jettison tower and boost -prot ec t ive 
cover 

Jettison apex cover 
deploy drogue chutes 
deploy main chutes 


23 3 00- ft altitude 
+ .01 aeConda 


If g.e.t. >_ 64 seconds: 

Jettison tower and boost -protect ive 
cover 
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23 3C*0-f: altitude 

* O.Ll seconds 

r 02— ft iltit-ie 

* - ;e:;r •. 

• r Altitude 


jettison apex cover 
ieploy dro.'uo chutes 
deploy r.air. chute. 1 


(o) Mode Tc ,<:.i of r.ode lb to lo7.** s-’.-r.is 
cr t over Jettison tir.c) 


- 0 seconds 
‘ 11 seconds 


23 5 20- ft altitude 

♦ .01 seconds 

2? 300-ft altitude 
+ 0.-1 seconds 

2 3 “01- ft altitude 

♦ 2 seconds 

10 5 00- ft altitude 


fire launch escape no tor 

deploy canards and n^r.ually establish 
♦ 5 deg/sec pitch rate with CM RC3 

jettison tower and boost-protective 
cover 

Jettison apex cover 
deploy drogue chutes 
deploy sain chutes 


Table 5-1 1 presents a surnary of Apollo 8 node I I.EY abort 
trajectories (no winds) for a nominal launch trajectory of 72° flight 
aiir.uth. 


Figures 5-11 and 5-12 shov the mode I n.minal abort landing points. 
All of the landing points have safe water landings. 

Mode I LEY aborts with no winds for the Apollo 3 mission have safe 
water landings from near the pad to approximately 520-n. mi. down 
range. T.ie mode I LEV abort data presented in this document are 
considered adequate for positioning recovery forces and do not violate 
any Xncvr. spacecraft constraints. 

5.3.2 Mode II aborts .- The mode II abort procedures are designed 
for contingencies occurring af er the LET Jettison (187 seconds g.e.t.) 
until a safe orbit car. be achieved with the SPS (590 seconds g.e.t.) or 
until the resulting lendings threaten the vest coast of Africa 
(R^ * 3200 n. mi.). Because the aborts initiated in this region can 


result in high entry loads (g'o) and/or tire-critical entries, no range 
control maneuvers are considered. A full-lift er.tr/ is used to minimise 
g* 6 , and a simple separation technique is established for rapid entry 
orientation. The mode II procedure requires nt least e 100-second 
t from S-1VB cutoff to 300 000-ft altitude to crient to the proper 

ot-o^rh^rlc capture vtitude Fcr lov launcl trajectories, this 

*e— tlnee r» t uire? extending the node I rcciei tv ielayinf: lover jettison 

until s if f i c lent .1 e-fail time is available to jerforn the node II abort 


7ne seqjev:* 
below: 

A ev- its sibilated fcr a -ol 

Jl abort are listed 

7 ♦ 0 *iC 

LY shut 5cvj. %r. 1 

t 'ill off teg ins 

7 ♦ 3 seconds 

LV/C5M sii'.rV. !' 

n «X r.id/FC3 CII (t Jet 

7 * S£:*r»le 

♦ X EM/F:S > ri tts.-t OVl'',' separaticn 
sequence an orient to er.tr/ 

ettit-.il' 

= 0.05 

CM or lent el for 

(fig. 5-12) 

full-lift entry 

i * 2- 50 : ft 

dregue pared i* ■ 

* deploys 


A list of the jertinent trajectory parine‘*r' for mode II aborts 
from the nominal launch trajectory are presented in table 5-1 1 1 - Th>- 
spacecraft IMU global angles corresponding to the proper CM entry 
orientation attitude for mode II atom are pre-ented versus time of 
abort in figure 5-13. \ more detailed annlyfJr of the mode II aborts 

for the faturn V launches is presented in referer.'e 5. 

5 , 3,3 Mode III aborts .- The mode lit abort procedure* are required 
for contl^enciee occurring beyond mode II (P|p > 3^00 n. ml.) when a 

e*fe orbit cannot be achieved or when SC systems malfunction* dictate 
iMediatc landing*. The first mode III requirement i* unlikely beesuse 
of the large COI region and the 9-IYB cutoff condition* vould have to be 
greatly dispersed from the ncwlnai launch trajectory- The second is 
unlikely becauee If aueh a malfunction had occurred during launch, the 
abort would more probably be initiated before entering mode III* and 
failures occurring after entering mode III would be almost impossible 
to confirm In sufficient time to recommend a mode III abort. These type 
failures are undefined et present. 


wo 


The sequence of events simulated for a mode III abort are listed 

t'-lrw: 


T ♦ 0 seconds 
T ♦ l seconds 

T ♦ 2^ secorvis 


T ♦ 125 seconds 


Half-lift lanling 
range * 3350 n. nl . 


LV shutdown and tailoff begins 

fi-IVB/CSM separation ♦ X TM PCS ON 
<*» Jet) 

♦X CM PCS OFF start orientation to 
IT 3 retrograde attitude if burn 
required 

retrograde attitude obtained {fig. 5-1 t) 
£PS engine ignition (fCG automatic) 

start CM/EIl separation sequence and 
orient CM to entry alt'tude; GPS 
turn terminates 


f- * 0*05 CM oriented for full- lift entry* 

capture attitude {fig. 5-l^(a)J 

« * 0.2 CM oriented for half -lift entry j 

PL55 {fig. 5-l6(b) ) 

h * 23 500 ft drogue parachute deploys 

Mode III abort capability begins at the end of mode II when the 
full-lift landing range (R Jp ) exceeds 3200 n. mi. (COQ recondt g.e.t.). 

Since mode III entriee are half lift (RL55) and the SPS retrograde 
burn is only required to achieve a landing rar^e of 3350 n. mi,, there 
exist* a period (between 600 and 621 seconds g.e.t.) for which the 
no-burn landing would land west of the 3350-n. ai. landing target (ADRA). 
The mode III capability ends once the required 8P8 burn violates the 
100-second t^ f constraint, This occur* approximately 2 seconds prior 

to the ft-IVB cutoff signal, \nd suborbital aborts required after that 
time would require terminating the burn on l ff • 100 seconds and then % 

sero lift (Rt90) entry to avoid a Ian*. landim* 


A list of the pertinent trajectory parameters for node III aborts 
from the noatnal launch trajectory ara presented on table 5-IV. The 
SC IK/ ginbal angles corresponding to the horieoti monitor (31.7* scribe 
■arh) retrograde gpg bum attitude are presented on figure 5 - 1 V for 
•ode lit aborts fro* the nominal t raj eatery, the node tit tv requiramenti 
to auhieve landings at the AMA ara siiown on figure W5 for deviations 
from the namirml flight-path angle and alt Unde, arte frnm thsee figures 
that the node jtt region Is bounded by the end of node It. llg entry 
lood Halt* and the 100-seeend t w lldit. On flguree 5-1* (a) and 5.1«b) 
the proper capture ami bak angleTare dm for the half-lift entries 
required fer the made III aborts fra the namlaal LT trajeetery. 
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A more detailed analysis of the mode III aborts for the Saturn V 
launches it presented in reference 5. 


r j.h Contingency Orbit Tre.tlon 


■, , U , 1 M/l>» I V n t rocedure ,- The mol ' IV <:oi procedure Is selected 
for centingencier on < the 6PS can insert * h j S 1 into i safe orbit 
(perigee altitude * 'fi n. rai.) and dcorbit from any place in the 
resulting orbit, l ». i - cipabillty begins it ’>7‘ -e-onds (Yj : 23 COO fpe) 

and ends once the S-l'/B has achieved a safe perig-e, approximately 
£80 seconds, or 2 -.r : nd? prior to nominal f.-IVP cutoff signal, COI is 
the prime selection vhenever the capability exists because it Is the 
safest nni has potential alternate mission capability. It allovs the 
ground and crev ar.jl’ time In earth orbit to determine the CC*s trajectory 
i,l system status, ir.d the ground can comjute a freclse deorbit maneuver 
for a planned lanlirg area. 


The sequence of events simulated for a mcie IV maneuver are lilted 


bo j<- v : 

T ♦ o seconds 
T ♦ 3 seconds 

T * 2U seconds 

T ♦ 125 seconds 


Burn to achieve an 
h • 75 n. mi. and apply 
P 

an additional 100 fps 


I,Y shut df vn a'.l tailoff begins 

S-IVB/CGM separation +X HM/RCB ON 
(1* Jet ) 

♦X 8M/RCS OFF, start orientation to 
8PB posigrade attitude 

pcsigrade attitude obtained (fig. 5-17) 
tTS engine Ignition (BCR automatic) 

BPS burn termliiates 


The initial node IV capability is not dependent upon the amount 
of BPS propellant loaded for this mission, but is based on the BPS 
performance with the fixed burn attitude to achieve orbital velocity 
prior to premature entry. In addition, this capability is extremely 
sensitive to pitch errors during the maneuver (refs. 5 and 6). Therefore, 
the capability is defined for a i5* pitch error bias during tha burn. 
However, yaw trrdra up to 15* hava a negligible affect on tha maneuver 
and are not included in thie bias. These constraints limit the maximum 
AY to be seed to le«e then *00 ff* for the nominal insertion altitude 
Ifig. 5-l8(a)). 
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A list of the pertir.ent trijectory parameters for mode IV maneuvers 
performed from the nominal trajectory are presented on table 5-V. The 
; T I MU giirlal angles cor.'eep^rdJng to the horizon monitor (31.7° vindow 
: Tlbe mark) poslgrade SI'S burn attitude are presented on figure 5-17 
for burns from the nominal trajectory. The mode* IV AV requirements to 
achieve “ 75-n. mi. perigee altitude are shown on figure 5-18 for 
leylatlons from the nominal flight-path angle and altitude. Additional 
r.-l* :v i r.fi rmation can be obtained from references 5 ant 6. 

5.^.2 Apogee kick Cot procedure .- The mode IV 0*1 maneuver is 
i Ways performed 125 neccndr after S-IVB cutoff. Hovca*r, for some 
I'-.iltive flight-path angler this maneuver can be delayed until epogee, 
which Is called an apogee kick. The apogee kick capability begins once 
tty S-IVB cutoff conditions would locate the apogee favorably for such 
a r.ineuver* or when apogee In greater than 5 minuter from cutcff ia 
cor.riderel adequate. The a?^gee kick maneuver has the following 
r. if ni f leant advantages over the mode IV procedure: requires lers AV, 

results in smaller apogees, gives the crew additional burn preparation 
* Ine, and is Jess sensitive to burn execution errorr. 

The sequence of events simulated for an apogee kick maneuver are 
listed below » 

T + 0 seconds 

'( ♦ d seconds 


T « 2*» seconds 


At apogee 

Burn to achieve an 
H p ■ 75 n. ni. end epply an 

additional 10v fpi 

The apogee kir* AV's, tines fron g-IVB cutoff to apogee, and 
resulting apogees are shown on figure 5-19. Theee AV’e are those 
required to achieve a 75-n. ni. perigee altitude, are snsiler than the 
corresponding nede IV AV’e shown on figure 5-16, and will he podded 
ICO fpe, s taller to the node IV naaouvora. 


LV shutdown and begin tailoff 

8-IVB/CBM separation 4X 8M/BCB ON 
& Jet) 

♦X 8M/PCfl OFF, stert orientation to 
8P3 pc-cii grade attitude 

postgrads attitude obtained 8P8 
engine ignition (BCH autoaatlc) 

BPS burn teminates 





SPIOUHX 

Predicted 

Perigee 

Predicted 

Apogee 

Predicted 
Tine of 
Free Fall 
to 

300,000 

Feet 

(« «i) 

(n *1) 

(n ai) 

(ain:sec) 

-3,340.3* 

-3,436.7 

0.0 

*-* 

-59.59 

-3,340.3* 

-3,436.7 

0.1 

** 

-59.59 

-3,340.3* 

-3,436.7 

0.4 

-59.59** 

-3,340.3* 

-3,436.4 

1.1 

-59:59** 

-3,140-3* 

-3,435.7 

2.2 

-59.59** 

-3,340.2* 

-3,434.6 

3.9 

** 

-59:59 

-3,339.9* 

—>,432.7 

6.3 

-59.59** 

-3,339.4* 

-3,429.9 

9.3 

-59.59** 

—3 ,33d. 6* 

-3,425.5 

;j.j 

-59:59** 

-3,337.1* 

-3.413.5 

18.2 

** 

-59:59 

-3,334.6* 

-3,407.8 

24.0 

** 

-59:59 

-3,330.9* 

-3,392.3 

30.8 

-59:59** 

-3,325.8* 

-3.369.8 

38.8 

-59:59** 

-3,319.1* 

-3,340.9 

47.5 

-59:59** 

-2,998.5 

-3,306.9 

56.3 

-3:24 


target - apogee less Chan 390.000 feet) 
« 300.000 feet 




5-i Derr ?.%BA«cra?s dupioc uiraci 



Altltod- 

Altltade 

£au 

SKBKCa 

Predicted 

Perigee* 

Predicted 

Apogee 

Predicted 
Tlae of 
Free Fall 
to 

300,000 

Feet 

SSHsEl 

<* adO 

(ft/MC) 

(■ *i) 

(n ■!) 

(n ai) 

(■in: sec) 


-2,075.0 

-3,260.7 

66.6 

-2,052.0 

-3,247.6 

69.4 

-2.929.5 

-3,235.9 

71.7 

-2,905.8 

-3,223.4 

73.9 

-2,890.4 

-3.214.0 

75.5 

-2.S&4.2 

-3,210.2 

76.1 

-2,861.2 

-3.196.4 

78.4 

-2.837.2 

-3,181.8 

80.6 

-2,812.7 

-3,166.1 

82.7 

-2,787.6 

-3,149.4 

84.7 

-2,761.9 

-3,131.4 

86.6 

-2,735.4 

-3.112.2 

88.3 

-2,708.2 

-3,091.6 

90.0 

-2,690.2 

-3.069.5 

91.5 

-2,652.2 

-3,045.8 

92.9 


i Him iUlMtfai I ■« 






TABLE 5-1.- IS1CT PARAMETERS CURING LAUNCH - Continued 


Predicted 
Time of 
Free Fell 
to 


y 

n f no 

Altitude 
(■ «i) 

Altitude 

let* 

(ft/ see) 

spuaooo 

(» -i) 

Predicted 

Perigee 

(o «i) 

Predicted 
Apogee 
(n iei) 

30C.000 

Feet 

(■In : sec ) 


M.0 

1*3*0 

-2.421.3 

-3,020.3 

94.3 

-3:28 

M 

I2^» 

90.2 

1*744 

-2 ,5*0.3 

-2,993.0 

95.5 

-3:27 

•9*10 


*2-2 

1.154 

-2,350.1 

-2,963.5 

96.7 

-3:27 

M 


*4.0 

1.04* 

-2 .32A„6 

-2.931.7 

97.7 

-3:26 


U^M 

*5.7 

*47 

-2.409.6 

-2,897.4 

98.7 

-3.26 

•M0 

u>» 

*7.1 

846 

-2,453.1 

-2,860.2 

99.6 

-3:26 

»sJ» 


90.3 

754 

-2,414.7 

-2,820.0 

100.4 

-3.26 

Ml 

»*.4« 

*9-7 

444 

-2,374.2 

-2. 77 b. 2 

10) .1 

-3:26 

09*19 

i*^n7 

100.7 

502 

-2,331-3 

-2,728.5 

101.8 

-3:26 

M 

15 >§ 

101.4 

304 

-2,205.7 

-2,676.4 

102.3 

.3:27 

Ml 


102.4 

433 

-2,236.8 

-2,619.4 

102.9 

-3:78 


M.M5 

163.1 

349 

-2,104.2 

-2,556.7 

103.3 

-3:30 

lldl 

14 .451 

103.4 

312 

-2.126.9 

-2,487.5 

103.7 

-3:32 

w*m 

17,13* 

104.1 

244 

-2.064.2 

-2,410.9 

104.1 

-3:35 

•PiM 

17.400 

104.3 

221 

-1.995.0 

-2,325.6 

104.4 

-3:39 

fPOB 

10,211 

104.9 

172 

-1.923.7 

-2,235.6 

104.6 

-3:43 


5T-5 














tJLHUC 5-1 — 

D6JQ PMELKMETERS 

D0Fr*C LAWICH 

- Co'iclaJ 1 ?'- 




1— it 111 
Mactey 

4U*tode 

Altitude 


Predicted 

Perlj** 

Predicted 

Ap©S«* 

Predicted 
Tlae of 
Free Fell 

to 

300,000 

Feet 

irtHuml 


C* -O 


(• «i> 

(« *1) 

(n *1) 

(aln:iec) 


1*5-4 

-142 

-494-3 

-303-8 

105.3 

-5.*56 

mum 

23.411 

1*5-2 

-12* 

-375-4 

-724,2 

105.2 

-6:09 

MfeM 

24.M7 

MM 

-14* 

-233-4 

-440.5 

105.0 

-6:26 

mm 

»^CM 

4*6-6 

-1*9 

-40-5 

-552-4 

104.8 

-6:50 

mm 

24,477 

194.J 

-1*2 

134.5 

-460.5 

104.4 

-7 ; 22 

mm 


1**-* 

-144 

451-6 

-343-5 

104.4 

-4:09 

mm 

24.446 

W9J 

-142 

•72,4 

-241-2 

104.1 

-9:22 

U40 

23,9*6 

MO -4 

-1*4 

1,344-3 

-153-4 

103.6 

-11:32 

UiM 

ap» 

1*3-4 

-42 

3, *41.1 

-39.9 

103-2 

-16:36 

no* 

23,32* 

1*3-4 

-10 

-1,970.0* 

80.4 

102.7 

-59:59** 


23.:*: 

1*3-4 

-1 

-1,944.2* 

99.0 

102.6 

-59:59** 

UiM 

2^ 547 

1*3-4 

0 

-1.931-3* 

102.3 

102.6 

-59:59** 

3 

23,3#' 

1*3-4 

0 

-l.>23.5* 

102.3 

102.6 

-59:59** 


***■■• * ce «i nr—r « /m mtMf p##itio# t» tM|»c - peri*** gr*»t*r chan 300,000 feet; 
^ **U - rwao (-54:59) - p erigee fr«aur um 300,000 fact) 


a-4 










































sssiimssutisuu 


TfljKJ? vx r i,- Twuarr'f'Y 


•i; y.r’.ry pa-'vT»-\<-_ . 



> 4 »V 


hW 

Ml 

h« 


3*30 


laMTU) fll*M 


• HU.W, 

«*/»»; 

«wl— uuy 
!,■■» fm*m t 

<*•*> 

Imtim 1 W Iw 1 « y 

«c «**,im* i*m 

r«cn *■*!. «t 
«N,(WU fw 

<*■*> 

l«citw4a 

•c 

' *», Kwtll) 

L4M»*L4w4« 

•c Uilln 
'4** > 

>»*Q4 M 
!*■<!** 


*-•/ 

1,137.4* 

-n.*i 

>0.55 

72,** 

**1,0* 

*>*3.30 

♦.« 

4 >>3.4* 

-U>* 

>0.17 

72.37 

***.20 

*>*r,io 

*0.15 


.I2» 

»>• 

71.0* 

*72 >0 

+jm».n 

M.M 

o>i».3i 

-11>* 

>0.71 

71. *4 

***,3* 

mjm.rr 

k4.9# 

10,001.42 

-11.4.7 

>0.01 

71.02 

120.93 


11.** 

1*>0*.#2 

.11.77 

>0.02 

’0.3* 

5**.12 


li.33 

i •jmj» 

-1 *.*1 

>1.01 

70.00 

571.4* 

*jnj* 

11.40 

M.M0.32 

— 14.— 04* 

11.0* 

♦*.5* 

500. >/ 

iijuaj* 

U.« 

11 > 03.03 

-1A>3 

11.10 

*4.02 

*23.07 

u^H.«r 

u» 

11 >11 .«* 

-l»-Q0 

11.27 

44.** 

00* J* 


tf>2 


-ii.o# 

11.11 

*/.*2 

*43.** 

H.MJ7 

U.W 

I2>03>7 

-ii.;* 

11.4* 

•7.3* 

712.71 

tt.rn.or 

u.io 

•2jtm.tr 

•u.» 

11.33 

44.7* 

7*0 >4 

n.ns.m 

UJ» 

t2.0H.tl 

.11JZ 

n>2 

**,11 

777.70 

u,M»_rr 

13.5* 

l>, 500.39 

-11.05 

11.71 

45 >* 

011.70 

U>IJ» 

11.77 

l>,*/3>3 

-12.7* 

>1.7* 

**.77 

0*7.23 

Uy*M4l 

IM) 

19,05* >0 

-U>» 

>1.40 

**>5 

40* >4 

IMII.» 

U.M 

1*>**>3 

.12.10 

U.97 

*3.2* 

023.47 

5*,*o*.7i 

U.tt 

1*>0*>3 

-11.71 

i2.0* 

*7.4# 

9*5.07 

MJM," 

13.01 

1 5 >*2.77 

-li.30 

n.’j. 

31.43 

l.COO.OO 

»*>M.*o 

»>.00 

13>*t.** 

.14.*) 

12.23 

*0.71 

1,000.4* 

lift*! 

13.00 

M.IN.7I 

-10.5* 

12.31 

V*.7> 

t,10».i* 

1*. •**./■« 

>*./• 

!*,*«. 74. 

-10.11 

>2.3* 

54.4* 

1,140.5* 

**>o *0 

I1.M 

!/>•*>» 

•0.47 

>2. *7 

07,00 

1,219.00 


i 

*> 

O 
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TWI VIII. - TWUWWJRY CIAMCTJRrSTTCS FOLLCWBC MODE II ABORTS FROW THE 
XMKBAL UUKX TRAJECTORY - Continued 

(b) Event times 



0.1—4 «1 — .»! 



(Hi—) 


*r*4»n 

♦»*>.» 

UhfM 

1»>U^ 

IMS)! 

ttiikM 

lllMJI 

UiV.N 

UHR.R 

UilUl 

tt.N.n 

nto\wi 

UiJUS 

UtU.» 

1..W.W 


t— r 


iz m 4 









IMI 

1201 

Qiii 


HHR.73 

MHk.ll 


17.73 
63.'~s 
107.t 5 



• -j- • 


»T icieu 
Tiat of 
Free Fall 

Inertial 

Iac.tt.al 

FllgOt 

Fro* sr> 

V« 1 oc i t v 

Fat* 

"jtaf f to 

J.* 

Aegle at 

300.000 

400.000 

400,000 

Feet 

Feet 

Feet 

(ft/sec 3 

(ft/sec • 


4:^4. 

3 ^ ^ a 



J- .1 

.] 2 

-*•11.00 

- .335.: 

-3.1.4 

4:11.56 

2-*.2-*5.- 

-3.U 

4:1M2 

24.285.7 

-3.06 

4:22.11 

24.320. C 

—1.04 

4:2U« 

24.340.4 

-2.99 

4t30.S6 

24.407.0 

' -2.94 

e:35.*»'. 

24. .7. 

-2.4« 

» 

• 

-2.-V- 

* ; 


-2.74 


24. V 

-2.7a 

4:56.98 

24.600.0 

-2.6a 

4:51.62 

24.596.4 


'*•44. «I0 

24.611.1 

-2. ; 

- 10.19 

2'. 624.0 

-2.74 




P fOictad 

Tt* mt IwrtUl 




152J9 

4:3102 

24.636.5 

-2.76 


4:23.14 

24.640.5 

-2-76 

MJ4 

4:1IJI 

24.660.0 

-2.00 

294.97 

4:11.94 

24.67U0 

-202 

3U.U 


24.601.9 

-205 

3W.H 

3:54.99 

24.692 J 

-200 

4*0.40 

3:5207 

24.702.0 

-2.91 

502.22 

3:45.04 

24.7U.4 

-2.94 

syj* 

3:39.26 

24.720.3 

-2.90 

»KJ2 

3:32.64 

24.720.4 

-3.02 

673.35 

9 r26. 13 

24.736.1 

-3.06 

734.60 

3:19.51 

24,742.6 

-3.11 

79003 

3:12.02 

24.740J 

-3.16 

K3.41 

3:46.21 

24.753.4 

—3.22 

930.91 

2:59.51 

24*757.9 

-300 


2:52.90 

24.762.2 

—3.34 




1 


se-6 


IM 1x37.94 

Hit ls«MI 

pin idm 

Oap IrSLM 

UcB XtJft 

am 2 itu» 


fham izslm 
PaV ItSUI 

13x39 2x34.73 

HxH 2x3434 

IWI 2x34.47 


13x13 

1MMI 


POUOHXK KR III ABORTS FROM T3E 
TOFT — CosLisked 


' — Concluded 


-4.43 

-4.47 

-4.71 



- ri " 


— La T IdS FOLLOUI*: M3EC III ABORTS TfTM TEL 
1CB TKnmrr - Com.' need 

fl) low altitude 



Haig 

20.47 

24.15 

6.90 


20.33 

23.65 

6.70 

fl.13^5 

20.19 

23.13 

6.67 

2202.97 

2M9 

225» 

6.35 

OJU5 

rum 

22.06 

6.43 

2231.42 

27.73 

2U66 

6^>1 

22=^13 

27.36 

20.07 

6.10 

223JJB 

27.37 

20.25 

6.05 

r* iM II 

77.10 

19.61 

5.92 

23-I7JB 

2S.ll 

10-47 


23*26.90 

24.75 

11.24 

3.67 

DJ7.W 

26.52 

17.52 

5.53 

2H47.M 

ttJ9 

16.03 

5-42 

2M).» 

26.40 

17.15 

5.47 

2W2.77 

26-40 

17.16 

5.47 

2M2J3 

26-60 

17.15 

5.47 




23:42.02 

24. i0 


2a.40 

2ML17 

26.40 

ZMl^f 

24.40 

23:40 JI2 

26.40 

2^.« 

24.40 

23*30.39 

24.41 

23J0.01 

26.41 

OJIJI 

24.41 

23s37.fl 

26.42 

»i37J3 

24. i2 


26.42 

23:34,12 

26.43 

»*J5J5 

26.43 

23:34.90 

24.44 

23:34.34 

24.44 









7303J* 

2>-JL74 

2JOUI 

2J-.3U2 

OOM2 

2)ilUf 

23J7J3 

Z3sJ!3.*3 

2304.54 

jy-jnjm. 

2>i2J>5 

2303-22 

23020? 

Z302JO 

230202 

2001.44 


Itiofc 


2605 
26>4 
2407 
24>7 
M^l 
2404 

24.54 
24.Ji 
2*. 53 
24.35 
2*. 55 

24.54 

24.57 

26.54 

24.54 

24.54 




Trmrfn>4c 



■M«-- 


ittiimiiKitutii'i 





T(M 

<a ■/ 

>>-.77 

2jnj j;2.*o 

2*12*> 

m,y> 

2 injM 

x .«•*.* xsx^i 

1.M2JT >2*.7» 

l.***.* JUX 

X^S»> Jk*J* 

>**.#• 

31l,« 

X>V> 

x>*r~i ****** 

J«JX 

l.*»J >02* *2 

WJ) 

1 *>»•** J46.2* 

2«*56 

1^5> JKJ1 



» ff 2. 


Hf,U 

****** 

1*2*44 

M*.M 

I**-** 

1J**M 

1*9.71 

lw*** Y' 

1*2*2* O 

I**-** 

****** 

UIJJ 

»»*•► 

1».K 

Ut.M 

122*3* 

»U7 







liniiiiiiiiiiiinmi! 



ij*. 

M J >4 

1 #*•*»! 

xn,m 

♦»> 275 A* 

«*» m.j# 

tva M,l* 

«r^ jm,u 

«•-> J* 2 ,«r 

H »4 »•>* 

IMA 

+**.> m.w 

MtM 

M2> M*.A 

M,U 
»14> 
nija 


IMA 

li/A 

ll&A 

USA 

IMA* 

1 U,U 

U 1 AM 

IMA 


MTA 

AA 

AA 

AJ 2 

AA 

A,» 


*MA 

MJ 

517,X 
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TABLE 5-V.- TRAJECTORY CHARACTERISTICS FOLLOWUIC MDDE IV ABORTS FROM THE 
ROW HAL LAUHCH TRAJECTORY - Continued 


(b) With 10 -Yp s pad 





After 

Burn Pad of 100 ft/sec 


At Abort 

Initiation 


Total 

SPS 




Ground 

ElapMd 

Tina 

(■In: mic > 

Inertial 

Velocity 

(ft/sec} 

Total 
SPS Bum 
Duration 
(■in: sec) 

Sensed 

Velocity 

Change 

(ft/sec) 

True 

Anoaaly 

(deg) 

Predicted 
Aooeee 
Altitude 
(n mi} 

Predicted 
Perigee 
Altitude 
(n ml) 

9:50 

23,608.6 

3:19.97 

2,327.6 

352.11 

194.47 

77.87 

9:52 

23,646.9 

3:15.84 

2,273.7 

350.96 

191.32 

78.27 

9:54 

23,689.5 

3:11.75 

2,220.6 

349.88 

188.56 

78.66 

9:56 

23,730.0 

3:07.68 

2,168.1 

348.84 

186.03 

79.06 

9:58 

23,770.7 

3:03.62 

2,115.9 

347.84 

183.68 

79.46 

10:00 

23,811.5 

2:59.57 

2,064.0 

346.87 

181.46 

79.87 

10:02 

23,852.5 

2:55.50 

2,012.2 

345.93 

179.35 

80.29 

10:04 

23,893.6 

2:51.43 

1,960.8 

345.03 

177.36 

80.70 

10:06 

23,934.7 

2:47.37 

1,909.6 

344.15 

175.51 

81.12 

10:06 

23,976.0 

2:43.31 

1,858.8 

343.31 

173.79 

81.54 

10:10 

24,017.0 

2:39.25 

1,808.2 

342.50 

172.13 

81.96 

10:12 

24,058.8 

2:35.17 

1,757.6 

341.71 

170.48 

82.40 


C£-fi 



TABLE 5-V— TRAJECTORY CHARACTERISTICS FOLLOWING MODE XY ABORTS FROM THE 
NOMINAL LAUNCH TRAJECTORY - Continued 




(b) 

With 100-fps pad 

• Continued 



At Abort 
Ground 
Elapsed 
TIM 

(alnssec) 

Initiation 

Inertial 

Velocity 

(ft/sec) 


After 

Bum Pad of 100 ft/ sac 


Total 
8PS Bum 
Duration 
(sin: sec) 

Total 

SPS 

Sensed 

Velocity 

Change 

(ft/sec) 

True 

Aaoaely 

(<*««) 

Predicted 
Apogee 
Altitude 
(« *D 

Predicted 
Perigee 
Altitude 
(n at) 

10: 14 

24,100.3 

2:31.08 

1,707.1 

340.94 

168.85 

82.84 

10:16 

24,141.9 

2:26.98 

1,656.7 

340.20 

167.23 

83.29 

10:18 

24,183.7 

2:22.84 

1,606.2 

339.48 

165.63 

83.75 

10:20 

24,225.7 

2:18.69 

1,555.8 

338.78 

164.05 

84.22 

10:22 

24,267.8 

2:14.54 

1,505.5 

338.12 

162.52 

84.70 

10:24 

24,309.8 

2:10.75 

1,459.9 

337.54 

161.37 

85.11 

10:26 

24,352.0 

2:06.20 

1,405.4 

336.87 

159.62 

85.67 

10:28 

24,394.3 

2:02.02 

1,355.6 

336.29 

158.24 

86.16 

10:30 

24,436.7 

1:57.80 

1,305.6 

335.75 

156.70 

86.69 

10:32 

24,479.1 

1:53,58 

1,255.7 

335.24 

155.22 

87.22 

10:34 

24,521.6 

1:49.33 

1,205.9 

334.78 

153.74 

87.77 

10:36 

24,564.3 

1:45.07 

1,156.1 

334.36 

152.27 

88.32 

10:38 

24,607.1 

1:40.79 

1,106.2 

333.99 

150.81 

88.90 

10:40 

24,650.1 

1:36.48 

1,056.4 

333.67 

149.36 

89.49 

10:42 

24,693.2 

1:32.16 

1,006.7 

333.42 

147.93 

90.09 




TABLR >V.- TRAJECTORY CHARACTERISTICS FOLLOWING MODE IV ABORTS FROM THE 
NOMINAL LAUNCH TRAJECTORY - Continued 


(b) With 100-fps pad - Continued 





After 

Burn Pad cf 100 ft/sec 


At Abort 

Initiation 


Total 

SPS 




Ground 

Elapsed 

Tina 

(nln:sec) 

Inertial 
Velocity 
(ft/ sec) 

Total 
SPS Bum 
Duration 
(ulmsec) 

Sensed 

Velocity 

Change 

(ft/sec> 

True 

Anossly 

Predicted 

Altitude 
(n ml) 

Predicted 
Perigee 
Altitude 
(n ml) 

10:44 

24,736.3 

1:27.84 

957.2 

333.22 

146.56 

90.69 

10:46 

24,779.5 

1:23.50 

907.7 

333.10 

145.21 

91.30 

10:48 

24,822.8 

1:19.15 

858.3 

333.07 

143.84 

91.94 

10:50 

24,866.1 

1:14.78 

809.0 

333.15 

142.46 

92.59 

10:52 

24,909.5 

1:10.40 

759.7 

333.41 

140.98 

9J.30 

10:54 

24,952.8 

1:06.00 

710.5 

333.84 

139.50 

94.03 

10:56 

24,996.3 

1:01.58 

661.4 

334.43 

138.09 

94.76 

10:58 

25,039.9 

0:57.16 

612.4 

335.20 

136.76 

95.49 

11:00 

25,083.7 

0:52.72 

563.5 

336.19 

135.47 

96.23 

11:02 

25,127.7 

0:48.26 

514.6 

337.44 

134.24 

96.97 

11:04 

25,171.8 

0:43.79 

46*. 8 

338.98 

133.07 

97.70 

11:06 

25,216.0 

0:39.30 

417.1 

340.87 

131.97 

98.43 

11:08 

25,260.2 

0:34.82 

368.7 

343.13 

130.96 

99.13 

11:10 

25,304.5 

0:30.30 

320.4 

345.82 

130.05 

99.81 

11:12 

25,348.9 

0:25.80 

272.2 

348.98 

129.24 

100.45 


S£~S 


TABLE 5-V.~ TRAJECTORY CHARACTERISTICS FOLLOWING MODE IV ABORTS FROM THE 
BOMIHAL LAUNCH TRAJECTORY - Concluded 


l’j i n i 


At Abort Initiation 


Ground 
K lapsed 
Time 

(min; sac) 

11:16 

11:18 

11:20 

11*21.5 

11*21.7 

11:22 

11:24 

11:26 

11:28 

11:30 

11:31.5 


Inertial 

Velocity 

(ft/sec) 

25.438.0 

25.482.7 
25,527.5 

25.561.0 

25.565.1 

25.566.1 

25.566.8 

25.566.9 
25,566.9 
25,566.9 
25,567.0 


(b) With 100-fps pad - Concluded 


After Burn Fad of 100 fft/aec 


Total 
SPS Burn 

Total 

SPS 

Sensed 

Velocity 

True 

Predicted 

Apogee 

Predicted 

Perigee 

Duration 

Change 

Anomaly 

Altitude 

Altitude 

(min: sec) 

(ft/sec) 

«*«> 

(n ml) 

(n mi) 

0:16.8 

176.2 

356.79 

128.04 

101.54 

0:12.3 

128.4 

1.43 

127.68 

101.97 

0:09.6 

100.0 

7.79 

137.15 

102.21 

0:09.6 

100.0 

10.78 

156.52 

102.20 

0:09.6 

100.0 

10.82 

156.75 

102.20 

0:09.6 

100.0 

10.86 

157.23 

102.20 

0:09.6 

100.0 

10.88 

157.48 

102.20 

0:09.6 

100.0 

10.88 

157.50 

102.20 

0:09.6 

10C.0 

10,88 

157.52 

102.20 

0:09.6 

100.0 

10.89 

157.54 

102.20 

0:09.6 

100.0 

10.89 

157.56 

102.20 


} 

* 

I 

s 

I 


i 
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Figure 5-1 Nomine! launch abort mode timeline. 
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Figure 5*10.- Launch escape vehicle configuration. 
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Figure 5-15-- Constant mode HI tit contours required to land at the Atlantic 

discrete recovery area* 
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Figure 5-17.- Spacecraft TMU gimbai angle readouts 
at SPS ignition for node IV aborts from the 
nominal trajectory. 
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Figure Continued. 
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6.0 EAKTH PAFKING 0BB1T 


Pref light computations for aborting from earth parking orbit are 
provided the crew and targeted so that the landing occurs in one of three 
possible areas. Should it become necessary to abort while the crew is 
out of communication with the ground, a solution would be available. 

After reaching orbit, the ground updates these solutions so that the 
crew always has one solution for a revolution ahead of when it would be 
used. Because thi3 type of abort is well documented (ref. 17), no 
further information is required of this document. 


TRANSLUNAR INJECTION AND 
TRANS LUNAR COAST PHASE 
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7.0 TRANSLUNAR INJECTION AND TRANS LUNAS COAST FKASE 


7.1 Trar.slunar Injection Monitoring 

As shown In figure 2-1, the primary objective after a problem 
develops during TLI , as veil as all other mission phases. Is to perform 
an alternate mission. However, if the need to abort occurred after a 
nonnominal TLI maneuver and before the initiation of the alternate 
mission, the extent of the deviated flight conditions must be known 
in advance to insure that abort capability will exist. Tnis has beer, 
done by the development of a crew monitoring procedure which includes 
appropriate S-IVB shutdown limits. 

The crew must be able to monitor and evaluate TLI without ground 
support because the maneuver can occur off the MSFN tracking range. 

In general, TLI occurs at various locations over the vest Pacific 
Ocean and is described by figures 7-1 and 7-2. A schematic of the 
basic crev monitoring technique is shown in figure 7-3. It is not*.* 
that an abort can be performed for S-IVB attitude rate and attitude 
deviation problems as well as for SC system problems. Since S-IVB 
problems would normally result in a SC alternate mission, only a 
critical SC system problem is likely to require an abort. 

There are several significant items to be noted about the TLI 
monitoring technique: 

1. TLI will be inhibited if prior to ignition the launch vehicle 
attitude is more than 10° from nominal as determined by horizon 
reference. 


2. TLI will be shutdown by the crev for S-IVB initiated rates of 
10 deg/second. 

3. TLI will be shutdovn by the crev with the abort handle for 
attitude excursions of 1*5° from the nominal attitude as determined by 
onboard charts of the nominal pitch and yaw girabal angle histories. 

i 

L. A backup to the S-IVB guidance cutoff signal will be performed 
by the crev if the S-IYD has not shutdovn at the end of the predicted 
burn time plus a 2o dispersion of 6.0 seconds and if the nominal 
inertial velocity as displayed by the spacecraft computer has been 
achieved. 


The rationale for the monitoring procedures and the determination 
of the limits noted above are documented in reference 18 , 19, and 20 . 
It is noted that item 3 has the largest impact on possible abort 
maneuvers since attitude excursions can reduce perigee to as low as 




'-e . 
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7 C n. r.i . However, dels; 
hivir.f time fcr an entry 


ii.g the shutdcvn to **5° 
r.i i course maneuver folic 


optimizes chances 
vir.g a TLI abort. 


for 


Ti.e crev charts rotei Ir. iter. 3 are shown in figures Y-’-*, 7-}, 
nr.l 7-C. The double scale or. the pitch chart, figure 7--. indicates 
the TL1 ignition gir.bal nn-'le fcr a ?2 3 launch azimuth. For any 
ether day or azinuth, the crev -will renumber the scale by changing the 
zero point to the ignition pitch gir.bal angle uplinked in EFO by the 
ground. Variations in the inertial pitch and yav histories are vithin 
L? cr ^ for all TLI opportunities in the December window, as shown by 
figures 7-7 and 7-8. Since the lirit3 of are so vide, it is felt 
that these variations are relatively snail and that the crev charts 
(figs. 7 -’* through 7 - 6 ) ure adequate fcr all Decer.ber TLI maneuvers. 


7.2 Aborts fron the Trar.slunar Injection and Trar.slur.ar Coast Phases 

7.2.1 Cq-inarv and introduction .- This section presents a 
trajectory analysis of aborts initiated during the second S-IVB turn, 
irro i lately following this burr., and or. the trar.slur.ar coast leg of 
the Apollo 8 mission. It also presents ar. analysis of abort maneuver 
dispersions for aborts rer-'-rr.-d during and immediately following the 
second S-IYB burn. 

The postabert trajectories resulting from. earl} C-IVP shutdown 
and onboard determination of abort maneuvers may result in ian^ landings 
folloving an extremely rapid return flight time from abort to reentry. 
However, if the S-IV3 is alloved to burn to guidance cutoff and an 
abort maneuver is performed in a time frame alloving I MU alignment, 

FGNCS targeting and a FGNCS-controlled maneuver, the resulting 
landing point vill be in one of the five CIA's folloving a return 
flight time of from 11 to 18 hours. 

Aborts performed during the translunar coast phase vculd normally 
be targeted to the prime CIA; however, abort trajectory data are presented 
for aborts to all recovery areas. 

The trajectory data included in this section represent the 
results of digital computer simulations of the abort techniques defined 
in reference 1. 

7.2.2 Data used to venerate TLI and TLC abort data .- Inputs 
used to generate the enclosed abort trajectory data fcr TLI and TLC 
aborts include the folloving: 
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Abort techniques ref. 1 

Launch vehicle reference trajectory ref. 3 

Entry range functions 

(only constant-g functions and contir.ger. :y 

target line were used) ref. 21 

L/D 0.295 

CSV weights and c.g ref. 10 

SFS thrust and I ref. 22 

sp 

Reentry corridor ref. 23 


In addition to the above inputs, note that the computer program 
used to generate the enclosed data -as reference 2*., which includes the 
Fischer earth model as the reference ellipsoid. The effects of gravita- 
tional perturbations frcr. the oblate earth, trivial r.oor., ar.d sun are 
included. 

7.2.3 The 10 nir.ute abort .- The contingencies with which this 
section is concerned are the spacecraft subsystems problems which can 
be isolated during TLI and which can lesult in catastrophe if action 
is not taXen immediately. Note that, at this time, there are no known 
single point failures which would require the crew to manually shut down 
the S-IVB and immediately execute an abort maneuver. 

It has been recommended in reference 1 and in numerous meetings 
with Apollo crew members that if the situation permits, the crew should 
allow the S-IVB to complete TLI, at which time the ground and crew can 
perform a malfunction analysis to determine the necessity of an abort. 

If a critical subsystems failure occurs during TLI and necessitates 
the shutdown of the S-IVB and the immediate return of the crew to earth, 
the following sequence will occur leading to the so-called 10-r.irute 
abort. This is a fixed attitude abort (attitude is established preflight, 
fig;, 7-9) to be performed 10 minutes after S-IVB shutdown and targeted 
to the contingency entry target line. 


Time from S-IVB cutoff, Event 

g.e.t. , min:sec 

00:00 S-IVB burn time is recorded; THC is 

turned counterclockwise initiating 
S-IVB shutdown. Inertial velocity 
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00:03 
CO: 13 


C 1 : GO 


01 :C8 


C- : CO 


05 : CO 


09:30 


iC:CO 


(’/j) Is record-:! from the IT-Tf. The 
four +X HCS Jets ire turned on. 

CS’d'f- IVB separatirr. occurs . 

The fcur +X FC5 Jets are turned off, 
ar.d the crev tevir.s pitching up 
< t dcvr.) to -r (i:'rr. the radius 

vector) using the earth as the visual 
reference to determine -r. 

The fcur *'/. PCS Jets are turned cn to 
initiate ar. evasive maneuver to 
provide clearance tetveen the CSM an! 
£-173 for the alert maneuver. 

The four +X FC3 Jets ere turned off, 
and the crev begins maneuvering to 
abort maneuver thrusting attitude 
(fig. 7-9) driving to the 
follov.ee I’-TJ gir.bal angles initially: 
OCA = 180* 

VGA =0.0° 

IGA = ground cor rut ei rrior to 
lift-off. 


The crev selects the abort AY from a 

chart of AY versus V and S-IVB t 
i E 

and enters this value in the AY 
counter. The crev begins preparations 
for an SCS automatic maneuver. 

The CCA? elevation angle is reset to O'. 
Cl?, pilot adjusts his position in the 
couch to viev the horizon through the 
CCA 3 reticle image. 

The spacecraft is aligned to the required 
horizon referenced attitude (fig. 7-9). 

The ?FS is ignited ar.d the turn is 
controlled by SCS automatic. 


The above timeline has teer. recommended; however, it should be 
noted that the controlling timeline will be presented in the Apollo Abort 
Summary for Apollo 8 to be prepared by the Crev Safety Section, Crev 
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Safety and Frccedures Branch, Flight Crew fuppirt Division. 

Figures 7-10, 7-11, and 7-1?, which shew alert AY measured along 
the X-body axis, FPS alert turn tine, and tine fre-r. FFF alert (?FS off) 
to reentry as functions of inertial velocity at alert constitute the 
charts that the crew will need onboard on t v e day of launch. These 
figures are double scaled at the top and hotter, shewing both f-IVF burn 
tire and inertial Velocity, respectively. F-IVB 1-jrn tire is require] as 
the backup independent variable for deter mining the alert AY. 

Figure 7-13 shows the landing point loci as a function cf F-IVB 
lurn time for three TLI’s cn the nonir.il d ?y of launch when the alert 
AV*s shown cn figure 7-10 were applied at f- IV cutof f-plus-10-rir.utcs. 
Shown on figure 7-1** is the ground elapsed tire of continuous VFBT 
track as a function of inertial velocity at F-lVf cutoff. 

Figure 7-15 shews the altitude at which the C.'M vojII he at al rt 
maneuver initiation as i function of the inertial ,*elo:!ty at F-IVB 
cutoff. 

As indicated in t! e. preceding seiusr.ee of fvrr.t = , the grcur.l will 
provide the crew with the pitch girlal angle ( ref* re r. red to the lau-,:!. 

(B'. Pf.FSMf.A7) fer the crew to use for th« initial attitule maneuver for 
the fixe 1 attitude alert. This flnlal angle remains crr.stant for any 
shutdown time during TLI . This can be seen in figure 7-16, which shews 
the IGA (pitch gimbal angle) required for aborting with the fixed 
horizon referenced attitude at various times from C-IVB shutdown as 
function of the inertial velocity at F-IVB shutdown. The IGA at 10 
minutes remains constant for the full range of Til velocities. Figure 
7-17 shows the IGA at the abort point as a function of the launch azimuth 
for the pli wed day of launch. 

The primary purpose of the fixed attitude abort is as stated 
previously: to re*urn the ere-' to earth as rapidly as possible without, 

regard to landlf.g location. 

In order to design this el:rt to be as insensitive to execution 
errors as possible, the maneuver is targeted to achieve the midcorridor 
or contingency entry target line (ref. 21). Also, this is the same 
entry target line that is stored in the CMC*, therefore, subsequent 
nidccurse corrections determined onboard will be targeted to the entry 
target line used to determine abort AV . 

Three possible sources of executi . j errors have been considered in 
this ana y?is and their effects shown, of the three sources studied, 
ignition time errors and abort AV errors have proven to be the leaat 
sensitive (l.e., the effe t of the errors are more tolerable). The 


■it rt r.ir.cuvr is very sensitive with respect to attitude errors for 
short? performed after about 200 seconds into the Tf.I burn; however, past 
“ is tiro sufficient tire remains prior to entry to perform a midcourse 
e rrccticn tick to the entry target line. 

Figure o T-lB and 7-19 chow the effect of ignition tire errors on the 
fix-; attitude at :rts if either the nominal horizon reference attitude 
r the correcp :r.dlng inertial attitude is used to perform the abort 
uver. These figures show the ignition time can be off ty as much 
* ' 1 minute and the maneuver can still achieve the entry corridor, 
lb* maneuver usf 1 at the dispersed ignition tines va? that used to 
generate figure 7-10. The actual abort AV required at the dispersed 
ignition tires can be determined from figure 7-?0, which shows the 
wjuirel aVrt AV for several delay tires. 

fir ire 7-<l Slovs t.“- tolerable pitch error? for the afort maneuver 
- xccuticn a? a fur t i of inertial velocity at 2-IVF cutoff. Note 
Hat this errer c'-r. >e very large for early slut! vn - ar.l an accuracy to 
w i ’ hi r. ! is ieyili-1 f- i a fi*--! V.titul* at ' f,,]1 vit *• ». rr.i r,a 1 MI 


.Mn-e- the ■ . a 1 rwi.fr attitule viU te Jet<-i \ y visual 

ref', rsr.ee, tie I«v« • • of cv . j* 1. on m Can or ly ; ieter ilwl 
• p i r i c a 1 1 y ttr: - M- lati-;.. Fr. a cor.ver rati - with Apollo cr*v 

r c:at -*r 5 it v»- f< i that tf - cxir-.trl accuracy 1 r. ptch during the 
attitule aHra-wt is vltMn ‘3*. Far-el on this expected accuracy, 
it can l * -a in fiv 1 -* f-22 that t*v- . if the Til bu.n 1 r. nominal, 

' r the • v.euvcr is pcrfoimed M »*<- eori ect i«..ition time, and if 
tfe c.u re . t at-'t t AV is uwd, a b.O will be retired for aborts 
occur ring after it it ACM seconds l*'to VLT. \ ue expected magnitude 
of this r.V ran be determined from figures 7-23(i) and 7-?3(b), which 
fhow the M‘T AV as h function of inertial velocity at 2-1 VP cutoff lor 
•V’ pitch errors if the MCC is perform*! at various delay times following 
tli* abort maneuver. 

Figure 7-? 1 * shows the magnitude of abort AV error that can be 
tolerate! ar 1 still achieve the entry corridor. 

f'n* { or si tie reason that n'ght caj«* an attitude misalignment when 
ferferring the fixed attitude alert maneuver is mistaking the earth’s 
terrir.it or Mr the horizon. Figure 7- : ’> shows tf* pitch err-'r that 
coul i rw ilt in tf is instan 
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7.2.U The 90-minu te abort .* As rtated previously, it has been 
recommended that, if possible, TL1 should alwa- s be continued to 
lorinal cutoff, at which time the ground controllers and crew could 
per fern a malfunction analysis to determine the necessity of an abort. 

If it Is determined that an abort maneuver is required following TU, 
t lie ground an 1 crew will berin preparations leading to an abort maneuver 
lerfermed app roxinntely 90 minutes from TL1 cutoff. Note that the 
90 minutes time is not the tire cf actual SFS ignition. This tina has 
teen fixcl primarily p~ irjut time of ignition for P-37 (cnboari 
relurn-tu-e«rth abert riogram) if the crev i3 ever required to calculate 
the at a t nneuver or.b-ard end to allow the ground computers to perform 
the same calculations t^ determine che CM lar.ling point. F-37 '•*11 be 
used to enable tie crew to return -to-earth if a criti.al subsystems 
failure occur- H requiies an «t:-rt ani ground-to-air communications 
are lost. Thr 'rit--iia f< r iet <■ i -i n i r e the 90-rh.jU abort AV 
msgnituie are 


1. The a'ert tra’r't':/ r •* tru n" te a r i/. 

2. Peturn flight *•'•••' -1 - ? j°, h ‘ir* (from TLI cutoff to 

1 ending ) , 


3. Abort AY does n •*. r * r l 70Co fj'. 

Figure 7-26 shows the time fr^n fir cutoff to reentry as a function 
of the abort AV required for the 00-mi; ute abort. This indicates the 
minimum AV for the 90-minute ahovt maneuver is about **220 fpa, which 
corresponds to the maximum return time of 1* hours. 

For the full range of possible abort fi/*s, the earth will always he 
in view at BPS ignition but s small portion of the earth will be obscured 
by the lower right-hand side of the left forward viewing vindov. This 
is shovr in figure 7-27. 

Figure 7-?6, which shows the pad referenced IK’. 1 IGA and the angle 
between the line cf sight to the horiton and the thrust vector, indicates 
the horiton will appear in the window at about 2.2* above the - Y fc 

plane (thrust vector is 3. S' 5 below the X-body axis). 

Figure 7-29 show* the apparent half angle of the earth (angle b-tween 
the line of sight to the horiton and the radius vector) ar a function of 
time fro* B-IVB cutoff and indicates the apparent site of the earth for 
various abort AV*i. 

For the nominal spacecraft trajectory the 90-minute abort will 
require an abort AV of 5125 fps, and the vaulting landing point will 


1 
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be in the Atlantic Ocean recovery area. SPS Ignition for this maneuver 

r vurs 86.5 minutes from TLI cutoff or at g.e.t. for the 

Poe cr.be* 21, 72° launch azimuth, first-opportunity TLI. 


Maneuver execution errors of less than 1° in pitch attitude for the 
9 ■> -minute abort can cause the entry vector to lie outside the entry 
corridor. The MCC AV magnitude required to correct for execution errors 
1E a function of the time of MCC, the magnitude of the error, and the 
jurpose of MCC. If the MCC is designed to retarget to the original 
landing point (prea’ ort computed landing point) the magnitude grovs 
as a function of 'eley tire from SF3 abort cutoff. If the MCC is deMgn-i 
to retarget to the entry corridor only, the optimum orbital position to ’ 
p-rforn MCC If at apogee of the postabort trejectcry. Thus, the optimum 
tire from MCC to the entry corridor is a function of post abort true 
•i'.cmaly, which, in turn, if a function of the abort AV. 


Figure 7-30 sh:v3 the 
r • 1 y as a function of lela, 
■ rr at the alert point. 


;cc AV required to achieve the entry corridor 
tire from flo abort e itoff for several p itch 


rigure 7-H ?hcv3 th« MCC AV required to achieve the p return-er-ru* M 
la.-Iir.- point as function - f delay tire from SF3 at rt cutoff f, :r r -,t 
t!t;L errors at the abort point, 

7i2 ‘ 5 Trans lunar coast aborts .- In earth parking, orbit, prior to 
iil, tie ground controllers vill pass to the crev tvo ab6rt solutions 
tased on a nominal TLI burn. The first solution, the 90-mlnute abort, 

Is provided to be used if a critical subsystem fails and ground to 
Mr Communications are lost following TLI. The second solution Is 
provided to be used if no critical subsystems failure has occurred 
but ground to air communications cannot be established following 
TLI. In both instances, it Is recommended that the crew retarget 
thf abort maneuver onboard using F-37. This is done to account 
for any trajectory dispersions which might be it»duced by the 3- IVP 
luring TLI. 

Following TLI, the ground controllers will periodienlly provide 
abort solutions (block lata) to the crev to be used if spacecraft 
* orjn micat i ;nn sail. In these instantes, it Is also recommended that 
F-1? he v-s-l for MCC following the abort maneuver. 


The block lata solutions provided the crew during TIC will be 
targeted to return to the prime CLA located in the middle of the Facific 
(cean. 1his does not preclude the targeting of abort solutions to any 
of the four remaining contingency area* or returning the crew to an 
unspecified water landlnr ***•• if the titufttion warrant* *ueh action. 
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For abort maneuvers targeted to an unspecified area, the return time 
i8 simply a function of orbital position (delay time from S-IVB cutoff) 
and the AY expended. This is shown in figure 7-32, which presents the 


time from abort to reentry (TAB) as a function of the delay time from 
S~IVB cutoff for several abort AV's. Note that after about 36 hours 
the total AV available (about 10 000 fpe) could not be used without 
violating the maximum reentry velocity. Figure 7-33 shows the total 
flight time (time from ?-IVB cutoff to landing) as a function of 
entry velocity and delay time for several abort AV's. The effect on 
entry velocity of using various amounts of abort AV on entry velocity can 
be seen more readily In figure 7-3*» vhtch shows entry velocity as a 
function of delay time for several abort AV's. 


As mentioned previously, the thrust vector for the 90-minute abort 
is about 6° below the crew line of sight to the horizon , or about 6° 
between the radius vector and the thrust vector with the earth In the 
window at BPS ignition. As the spacecraft moves farther out on the 
Tt£, the angle between the thrust vector and the radius vector decreases. 
Also, the attitude difference tetveen very snail AV abort maneuvers ar.l 
very large AV abort maneuvers decreases. After at cut ** hours on the H r , 
the angle between the thrust vector and the radius vector Is about 2" 1 , 
and the attitude difference between small Mid large AV maneuvers Is less 
than 1°. At the last block data abort point on TI.C, the thrust 
vector Is aligned along the radius vector. 


This phenomenon then always allows the earth to be used as a 
visual reference for the TLC return-to-earth maneuver. Also, since we 
know the attitude difference between the very small AV’s and very large 
AV's to be very small, the abort targeting to contingency landing areas 
can easily be explained in terms of abort AV and return time. Suppose 
at some time on the TIjC an abort solution is found which returns to one 
of the five contingency areas (fixed longitude)! that solution will 
require x-fps abort AV and will return in y hours. For that same delay, 
time several solutions exist that return the BC to that same contingency 
area. If more AV is applied at nearly the same attitude, the return 
time is shortened, and if less AV is applied, the return time Is 
lengthened. To find the other solutions, the AV must be increased 
sufficiently to shorten the return flight time by exactly hours or 
decreased to lengthen the flight time by 2b hours. This can he ceen 
in figure 7-35, which shows the abort AY required to achieve the requirea 
total flight times to the various contingency areas at a function ol 
delay time from fl-lV8 cutoff. For any given delay time, several solutions 
to the same contingency area exist with a difference in return time of 
2b hours. 

Figure 7-36 shows the latitude of landing for applying varioua AV's 
at varioua delay time* if the solution achieves the contingency area. 


Tfie RTCC displays this type cf Information to the flight controller 
fcr ebort planning and for a first guess to subsequent abort jirocessora . 
ir.ce the final desired abort solution has been selected, the flight 
controller will generate a set of digital Information an! a target load 
for each abort solution. 

All planned maneuvers cn tfollo 8 will be performed usln| the 
external AY guidance In the CIV. Table 7-1 presents representative 
Information that will be included as jart of the block lata If. formation 
to to* provided the crew periodically during TLC. 


Figure 7-37 shows post abort ground tracks that would result from 
t r j 1 eying the abort solutions In Table 7-1. fig .re 7-3^ fhows postabort 
'racking from the !•« llr-tel I VP.' sites. 
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8.0 LUNAR ORBIT INSERTION AND LUNAR ORBIT PHASE 


8.1 Lunar Orbit Insertion Monitoring 

Since LOT always occurs behind the noon, the crev must be able to 
evaluate the progress of the maneuver without ground support. Although 
there ate two LOI burns required to produce the desired 60-n. ml. 
altitude circular orbit, the monitoring requirements are primarily for 
the first burn (LOI), because the second b'irn lasts only about 10 seconds. 
(Figure 7-3 depicted generally the recctnmended crew monitoring technique.) 

Whereas crew safety is always the primary objective in defining 
monitoring procedures, an important second objective i3 assurance that 
adequate abort capability is provided and is compatible with possible 
results of the monitoring procedures. This secovi objective was 
accomplished for LOI by defining sound procedures for the two types of 
problems possible during LOIi that is, those perturbing the trajectory 
(ty;e 1) primarily guidance and control problems, and spacecraft pre- 
pjlsltn (type 2) or other system problems which do not affect the tra- 
jectory. It was recoftft.ende 1 in reference 25 that problems of type 1 
te handled by having the crew take manual control of the TO NCS- con trolled 
maneuver and complete the Wl at tne original ignition attitude. One 
of the ir-st dangerous type 1 poss'bi litlea could occur if the spacecraft 
1MU drifts during LOI. For a small drift, the Crew cannot detect lta 
presence until an attitude deviation builds up and appear* on the secondary 
Inertial attitude reference. 3ince the drift could have occurred In the 
secondary reference a* veil a* the IMU, the crev vould have been unable 
to distinguish the erroneous system until It vs* discovered that the SC8 
attitude error needles (a third Inwrtial reference) provide a tie-breaking 
capability. This vould then enable a manual takeover and burn completion 
Into lunar parking orbit. 81nce uncorrected IMU drifts In pitch can 
produce Impacting trajectories, rules vers then developed to define attitude 
limits fo! which a tekeover should be Initiated. 

These rules and limits require a manual takeover with the 8C8 at 
15° attitude deviation between ignition and 100 seconds and 10° attitude 
deviation after 100 seconds. In gsntrsl, the 15® is for possible start 
transients, and the 10° is to prsvsnt an undtslrabls psrlcynthlon. 

Actually these nusber* hare more significance for traasearth injection 
but are used for LOI as veil as for simplicity. Ths sffects cm psri- 
cynthlon of platfor* misalignments and constant drifts through LOI 
are plotted in figure 8-1. Sffects of the takeover rules and limits are 
shovn In figure 8 *2. Ae pointed out above, a third inertial referenca 
is rtqulred during LOI to Insure that the IMU does not causa an impacting 
trajectory. Although there are three Inertial reference systsat 
in the spaeeoraft that mid be used for LOI , an external rtf* rents sush 
as the lunar h orison or stars may protldt am additional refs rones. 
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As In TH, the LOI rate limit is 10 dag/seo and results In a crew takeover 
and manual ocorpletion of LOI at ignition attitude. 


Type 2 problems hay dictate tne necessity of an immediite abort maneuver 
which takes place 1$ minutes after the crew shuts down a nominal trajectory. 
^Problems of this type are primarily due to SP8 problems and include loss 
of pressure or temperature increase? , which generally means that the 
3 PS engine could have a limited burn time constraint or maneuver capability. 
More specifically, the temperature problem is a result of a hot spot on 
the engine nottle which could produce a hole and then an explosion. 

Increasing temperature is displayed to the crew by a flange temperature 
light in the spacecraft. Serious SPS pressure problems are 

1. Sustained pressure decay in either fuel or oxiditer tank. 

2. Thrust chamber pressure goes below 70 psi. 

3. A delta pressure of greater than 20 psi between fuel and oxiditer 
tanks . 

Although built-in redundancy mny require two failures before these 
problems are time-critical, the desire to get the large (approximately 
3000 fpe) abort maneuver completed ae soon as possible to insure lunar 
sphere escape Is the major Justification for the 15-minute abort mode. 

Inadvertent shutdowns will be handled by ground control. Backup 
of the P0WC8 LOI cutoff is performed by the crew primarily on a 6-second 
time bias to the nominal burn time. In stmmiary, guidance and control 
problems during LOI result In crew takeover and burn completion to near 
nominal U)I end conditions from which an abort could be initiated, and 
SF'J problems result in early LOI shutdown and abort. 


6,2 Aborta During LOI and Lunar Orbit 

6.2.1 Introduction .- The LOI bum transfer ths spacecraft from a 
free-returo circualunar traJeeteiy to the lunar parking orbit. Ibe 
transfer cone lets of two §W burns of approximately 9ko and 10 seconds, 
respectively. Following the first bum (LOI 1) the spaeeoraft coasts in 
a 60- bv 170-n, ml. altitude lunar orbit for two revolutions. The 
second LOI burn (LOI 2) is inltlatsd at ths third perleynthlon to achieve 
the 60- by 60 -n. mi. altitude lunar parking orbit. 

Premature termination of tho LOX maneuver places the vohiele in a 
nonncminal lunar orbit from vhloh either am alternate nlasion or abet* 
situation nap result. An early ahut4evn of the if* angina nap occur aa 
a result of too situations t 
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1. An early PONCS ahutdown. 

2. Manual shutdown by the crev. 

Manual shutdown should oecur only In the event critical BPS systems 
problems which would severely restrict the future performance of the 
engine are encountered . The SPS systems malfunction limits (pressure 
and temperature) for a manual shutdown will require an abort maneuver 
which is executed as soon as possible. These limits will be specified 
in the Apollo 8 mission rules. By definition, therefore, manual shutdown 
of the SPS engine normally should not occur unless one of two situations 
exist: 

1. Failure of the SPS engine is Imminent. 

2. Engine performance has been degraded and an absolute minimum 
of PF3 operation is required. 

For all other failure situations in which the option of continuing 
the burn Is present, I.OI burn completion has been shown to be desirable 
from an abort operations standpoint (ref. 26). 

In the following sections, the primary dlfferencea in the abort 
procedures for manual and automatic cutoffs are discussed. Oeneral 
parametric data of abort AV and total flight times are included to 
illustrate the possible tradeoffs that can be made In the final selection 
of the abort solution, finally, ersv tharte that ar# required for onboard 
return-to-earth targeting are included. 

8.2.2 Character litH.i-.Qf Iwm. tralistorle* rcsultlna fre m ortMturi 
L01 shutdown .- Tht lunar orbiti which rsault from pre*atureu>l shutdown 
can gsnerally be classified in three distinct categories: 

1. Class I - Result from shutdowns during the first 90 seconds of 
the 101 bum. These trajectories are hyperbolic with respect to the 
moon and will escape the noon's sphere of Influence. 

2. Class 11 - Result from shutdowns 90 to 120 seconds into the LQt 
bum. Trajectories of this type are very unstable and are greatly per- 
turbed by the earth* • attraction. The earlier shutdowns result In 
extremely long orbital parioda. Later shutdowns have orbital periods as 
low ss approximately 8>i hours but impact the lunar surface prior to 
pericynthion. 

3. Cities 111 - Result from abut downs 120 seconds to nominal LOX 1 
shutdown (approximately Ibd reeonda). These are stable lunar ellipses 
with non impacting por* synthiona . 


Figure 6-3 ehove the conic parameter* at LOI cutoff a* a function 
of SPS burn time during the LOI burn* Shutdown* during the latter half 
of the tX>I burn result in orbits from which either aborts or alternate 
missions might occur. Such an alternate mission is basically nothing 
more than an off-nominal LOI 2 burn and the total AV of LOI 1 and LOI 2 
would be very near that of the normal LOI technique. On the other hand, 
unless a corrective maneuver is made to reduce the orbital period and 
provide a clear pericyrthion, shutdowns prior to 120 seconds necessitate 
an abort. 


8.2.3 Abort modes .- Luosr phase abort maneuvers for the Apollo 8 
mission are of two basic types. 

1. Mode I - A one-impulse maneuver which returns the spacecraft 
directly to earth. The abort burn is initiated as soon as possible after 
I-OI shutdown to reduce the necessary AV. The range of LOI shutdown 
times that the mod? I abort is available is a fvuiction of the abort 

AV available and the delay time to abort initiation. 

2. Mode III - A one-impuls'i maneuver which occurs near pericynthion 
following one or more revolutions in lunar orbit. The actual time of abort 
Initiation is a function- of the desired transearth time and the preabort 
period. Mode III aborts are available after 120 eeco ds Into the I/O I 
burn where free per lcynth ions exist. 

figure 8-k shows ths abort mode overlap that exists for the Apollo 8 
mission. Tor s substantlsl range of LOI shutdowns, both a mode I and 
mode III abort arc possible due to the magnitude of the 8P8 AV that 
remains following premature LOI shutdown (fig. 8-5). It should be noted, 
however, that a return-to-earth capability existe with the 8M PC8 for only 
the first 15 seconds of the LOI burn. For shutdowns past this point in 
the LOI bum, the abort AV would rsquirs unt of the SPS engine. 

8.2.1* Abo^t IM l C| .- The abort ground rule# for LOI aborts srt 

as follows! 

1. If a guidanoe cutoff occurs prematurely and a non- 
impacting pericynthion has not been achieved {LOI burn time « 120 seconds), 
s mode I abort will be Initiated as soon as possible using an KTCC solution. 

2. If a guidance cutoff occurs prematurely and a stable 

lunar orbit exists, either an alternate mission or abort may result. If 
eoMkun teat lone are available and an abort decision Is made, an 8TCC 
targeted mode III abort will be initiated. 

3. If a guidance cutoff occurs and eoaoua teat lane are not 
available, the following backup abort technique will be followed i 




«. U)I burns 0 to 80 seconds - The CSM will co»«t to the MSI 
where the CMC P-37 can be used for ret urn-to -earth targeting. The 
return-to-earth solution is determined, and an MCC is applies using the 
SPS. (The largest AV which would result Is 3000 fpa for shutdowns at 
60 seconds.) 


b. U>I burns 80 to 120 seconds - The crew will Initiate a 
node I abort maneuver at 5 hours past LOI shutdown using a crew chart. 

c. LOI burn 120 seconds to the end of LOI 1 - A mode III abort 
will be initiated using crew charts. 

b. If a manual SPS shutdown Is required due to engine pressure or 
temperature problems, the following criteria could be used to determine 
the abort mode- (although the crew has the option of using the mode I 
15 minutes crew chart for manual shutdowns at any point In the IOI burni 

a. LOI burns 0 to 120 seconds - A mod* I abort maneuver should 
je initiated at 15 minutes using a crew chart. 

b. LOI burns 120 seconds to end IOI 1 - A 15-minute mode I 
abort maneuver should be initiated for time ciitical SPS engine problems. 
Hwever , for minimum AV SPS problems, a mode III PTCC abort solution 
will be used. 

c. If the 15-mlnute abort vers not possible and subsequent 
communications failures occur, the backup abort technique in ground 
rule 3 should be used. 

0.2.3 Parametric ab ort data as a function of Ml shuMara- IMs 
section includes a description of the abort AV requirements for the 
HTCC generated abort solutions, lhe crew charts are contained in 
section 8.2.7. 

Figure 6-6(a) shows the minimum mode I abort AV required as a 
function of LOI shutdcwn tlma. It is evident that th# AV initially 
increases very rapidly as tha delay tlma from W1I shutdown to abort is 
Increased. However, due to the magnitude of ths fit AV available (at 
Indicated on tha figure), the 13 minute solution exists fet the entire 
LOI 1 bum. Figure M(b) indieatee the total time from LOI shutdown 
to earth landing (TFT) for tho abort manouvere of tho previous figure. 

Of primary interest is the fact that the later tha mode 1 abort la 
delayed, the greater will be the TFT. 

In a normal ebert •ttuntiom, however, a return te a plained res every 
area would be preferred. Ftgurme M(a), (b), nad (e) iter the abort 
AV for mode I return te the NFL ae a fumetiem of LOI ehutdewi time, 
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Figure# 8-7 (a), (b), and (c) show return# vith TFT values of 53 hour* 

77 hours, and 101 hour*, respectively. At this point a major difference 
between unspecified area returns and planned landing area returns should 
be indicated. For a particular LOI shutdown time and a given TFT to the 
desired landing area, the AY requirements do not necessarily increase 
with initial delay tire to abort. For early shutdowns this becomes 
evident (fig. 8-7). 

Mode III abort solutions require much less AV than mode I aborts 
at a particular tf>I shutdown. Figure 8-3(a) presents the abort require- 
ments for mode III returns to the MFL. Comparison of each constant TFT 
solution for the mode III aborts with the mode I solutions of figure 8-7 
shows the decrease in abort AV that can be achieved by coasting one 
revolution prior to abort. The ainimur AV for unspecified area 
node III returns Is also shown on figure 8-3(a) and the correspond tng 
TFT is indicated on figure 8-8(b), 

8. ?. 6 Abort analy sis o f sp ecific \/)l shutdowns.- Aborts for 101 
shutdowns may be described as follows i 

1. 101 shutdAn at 60 seconds (class I presbert trajectory) - 

Figure 8-9 presents the abort AY and TFT for mole 1 aborts following 
a premature LOI shutdown. In order to show the relative requirements 
for returns to a variety of landing areat, returna to the MFL, AO!., EFt, 
VFL, and I0L are included. Aa indicated in the previous discussion, 
a considerable tradeoff of abort AV and TIT can be made by varying the 
time of Ignition when returna to contingency landing areas are desired, 
However, the ainiau* AY for unepecifled area earth return etlll hae 
the familiar characteristic of increasing with initial delay tiae, as 
shown on figures 8-9(a) through (e). The TIT corresponding to these 
FCUA return* is shown in figure 8-9(f). 

9. LOI ehutdcfrn at 180 seconds (class III preabort trajectory) - 
Figure 8-10(a) shows the abort aode I AV required for returne to the 
MFL ae a function of initial delay tla*i Except for the considerable 
increase in abort AV over the 60- second LOI ehutdovn, the two sets of 
curves are siaiUr and the sane discussion is applicable her*. The 
aode I FCUA TFT appears in figure 8-10 (b), 

The trajectory in this case la the firet of the claes III trajec- 
torlee and permits the uee of the aore desirable aode III abort, 
rtgure £-H(a) shew* the abort AV for the aode III abort, both type* 
of returna, MIL and FCUA, exhibit a substantial dee reate in abort AV 
c capered to the aode I solution# of figure 8-10(a). lh* 59-hour TFT 
return is no longer available due to the 17-h«ur period of the proabort 
ellipee, After on* revolution the oatry velocity of 939 fpo would bo 
exceeded if an attempt at a 39-hour TFT was aids, TU FCUA TFT le shown 
on figure 8-ll(b) for various delay tie** free LOI ehutdovn. 
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3. Nan Inal end LOI 1 shutdown (60- by IK'-n. >1. altitude lunar 
orbit) - The abort AY requirements for a node III abort to the MPL are 
included as figure 8-12(n), The FCUA returns are presented In the same 
figure and the corresponding FCUA TPT are on figure 8-12(b). A charac- 
teristic of node III aborts is evident from figure 0-U(n>, Specifically, 
vhen several constant TIT solutions are available, the loftgest TFT abort 
solution vould be initiated first. All LOI node III aboi ts exhibit this 
same characteristic. 

^ Noalnal end 101 2 shutdown (aborts frcse the nominal 
60- by 60-n. ml. altitude lunar orbit) - This discussion is included with 
the premature IX>1 shutdown description for continuity. However, it 
should be noted that aborts out of the nominal 60 ~ by 60-n. al, altitude 
lunar orbit are Identical to the normal TEI burn. For completeness data 
is shovn for returns to the MTL, AOL, FPL, VFL, and IOL recovery areas 
(fig. 8~13(a) through (e)). The rCUA TFT Is presented in figure 8- 13(f). 

8.2*7 LOI crev charts.- The crew charts mentioned in section 8.2,1 
can be briefly svswnarired as follows s 

1. Mode I 15-min'ite crev chart - this crev chart Is used in the 
event a manual LOI shutdown occurs and an imaediate abort maneuver is 
required. Following LOI shutdown, the crew maneuvers the C8M to the 
correct inertial thrust attitude base! on a set of ginb*l angles relative 
to the pre-LOI IMU orientation, The abort maneuver is initiated 15 minutes 
following srs shutdown. The abort AY magnitude is determined from a 

crew chart. 

2. Mode 1 5-hour crev chart - This crew chart is used In a manner 
identical to the mode I 15~minute chart. The main difference, however, 
is that the mode I 3*rhour chart ts only used as a backup to the PTCC 
computed solutions In the event communication# failure# occur. Only 
one curve la required, abort AY aa a function of LOI burn AY magnitude, 

3. Mode lit crew chart - Thia data la uaed aa a backup to PTCC 
calculation and constat# of two charts. The firat chart presents abort 
AY aa a function of LOI AY magnitude. The second chart ia uaed to 
determine the time of ignition. 

Figure S-lk(a) la a cor tenant ton of the abort AY required chart# 
and include# data for node 1 13-miaute, node 1 3*hour , and node III crew 
chart#. Figure ft-lMb) present# the mode III time of abort, both 

curve# are baaed on the AY magnitude of the 101 burn read from the 
D0KY at shutdown with LOI burn time aa a backup. 
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8.2.6 Crew chart midceurss rwlrwatt .» Before discussing the 
midcourse requirement* of the LOl crew cherts, en important ccmaient should 
be made. The b? sic reason for using onboard crev charts for abort maneuYers 
inside the MSI is that no onboard computer prof ram is available to per- 
form thi* task. The onboard ret urn- to- earth prof ram (CMC P-37) can cal- 
culate aborts or MCC’s c-nly if the CSM is outside the MSI at time of 
ignition. 

Normally, the retvrn-to-earth targeting vill be done using FTCC 
solutions transmitted from the ground following the abort decision. If 
a premature 1 01 shutdown occurs the previously transmitted FTCC rbort 
solutions (block data, section 8.2.9) are not applicable since non- 
nomlnal orbits result from the early burn termination. Therefore, the 
grour.i will transmit en abort solution calculated in the FTCC. However, 
if communications are lost or if the spacecraft is in a position where 
it couM n: t receive the solution (behind the moon in the case of the 
role I 15* »inule abort), onboard data is required. The basic function 
of the cr v charts, therefore, is to provide an abort solution th*t will 
result ir Of'M exit of the M^'l and have MCC requirements with the AY 
remainlr 

1 ! .e crew charts are used for all launch asimuths and opportunities 
ant the MCC AY varies accordingly. It appears likely that the MCC AV 
will require use of the SI'S engine. An attempt will be made to update 
the mode I 15-minute chart during the final hours prior to IiOl if 
significant trajectory deviations occur. For a ll c harts, the * label 
angles vill be recomputed based on the actual BKFSIMtAT used for tOl, 
and transmitted with the pre-tOJ block data. 

Figures 6-15 (a) through (d) show the expected MCC AY at the MSI 
for Yarloue execution errors. Bated on this data and the aaswption 
of a midcouree AY frea the PCS of 100 fpa, it can be seen that the following 
execution errore* can be tolerated within PCS midcourea capability: 

pitch error • U.5 deg 

yaw error » t 6.0 deg 

AY error • *50 fpa 

*ig trror * ,tc 

For larger executloa errors an Iff atdeourse would be required. 


Nfeeee errore are for skat down* at the *nd of L0I 1 bun when the 
MCC tv reeui restate are the largest. Ml earlier a bet d m * have aeeh 
nailer MCC AY relate 
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That is* a subsequent engine failure would be catastrophic with do 
possibility of aborting. 

An inport ant fact that should also be considered for the 15-mlnuie 
abort is that a coanuni cat ions failure has not necessarily occurred. 
Contrary to the normal use of onboard charts* this abort node urns based 
only on SPS engine pr obi was. Therefore, an MCC could be performed soon 
after the CSM appears frcei behind the aoon and a large reduction of 
midcourse AV could be achieved using an BTCC solution. 

figures 8-l6(a) through (d) she* aidcourse requirements at the MSI 
for the mode til crew chart maneuver. The fol loving errors* can be 
tolerated using the assumptions of the mode I discussion. 

pitch error * 12.0 ieg 

yav error » i?,0 deg 

AV error * 150 fps 

tj^ error * 2b sec 

The most obvioua conclusion is that an SPS aidcourse vill very likely 
be required. This remains consistent with the abort ground rules in 
section 8.2,1, hcarevert that is, for SPS eaglae problems that become 
evident during the L01 burn* a manual shutdown will occur aad a 15-aiaute 
node 1 abort will be initiated. The uee of sods III crew charts* therefore* 
is generally restricted to problems with C3H systems other than the SPS 
engine alomg with a subsequent ccMuaieatioae failure. 

The sensitivities ©f the mode I 5-hcwr crew chart are net included 
in this discussion but it can be Mttaed that aa SPS aidcourse will also 
be required. 

The aldcouree calculation* for the node 111 crew chart ch art s will 
be calculated using the onboard return- to- earth program CMC P-37. 

This program can only he need outside the MU, however. 

8. P.9 block data solutions . - Wring the laet houre of the traaelmsar 
coast, abort solutions will be transmitted to the crew te provid- onboard 
targeting csgnbiUty inside the NU. SgeelfieaUy, t h ese prlanry eel vt isms 
are tcasidsredi 


*1>*M errere are far shMtn ws at the smd ef LOl 1 bora where the 
mcc « regal r emi t s ere the largest. All earlier immune have math 
smaller MCC it selnee. 
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1 . 60-tjr-lTO block data - Following the final MCC 

on the brans lunar coast, an aeort solution viu be transmitted to cover 
communications failures following the LOI 1 burn. This solution would 
return the CSM to the primary landing area. 

2. 6Q-by-60 block data - During the OS- by 1T0 n. id. 
altitude orbit coast, a previously-sent abort solution for the nominal 
lunar parking orbit (6 q.. by 60-n. mi. altitude) will be updated to account 
for any dispersions in LOI 1. This solution is again updated once LOI 2 
is completed. During each of the eight remaining lunar orbits, an abort 
solution to the primary landing area is transmitted. 

3. 2-hour post-peri rynthicn block data - Prior to LOI an abort 
solution is transmitted to the crew for an abort initiated 2 hour* past 
perlcynthion on the nominal free -re turn trajectory. This solution would 
to used if time-critical CSM problems occur along with cownunicatlone 
failures. Thl3 abort solution is targeted to the contingency landing 
area that permits t v e fastest earth return. 

Table 8-1 contains general data pertaining to these block data 

a v ert solutions. 
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TABLE 8-H.-GJMBAL ANCLES FOR LOI CREW CHARTS AND ATTITUDE REFERENCE 
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tb) MCC AV at MSI for pitch errors. 
Figure 8-15.- Continued, 
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?c) MCC AV at MSI for yaw errors. 
Figure 8-15.- Continued. 
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(d) MCC AV at MSI for abort AV error* 
Fiflure 8-15.- Concluded. 
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(a) MCC AV at MSI for Ignition time errors. 

Figure 8*16.- Mode Ml crew chart midcourse requirements 
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(c) MCC AV at MSI for yaw arron, 
Flgura 8-16.- CofiUnuad. 
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9.0 TRANSEAFTH INJECTION AND TRANSEARTH COAST PHASE 


9.1 Transearxh Injection Monitoring 

Like LOI, TEI occurs behind the moon and the monitoring procedures 
and techniques are basically the sane. The major difference Is that 
guidance, control, and system problems vill all require a continuation 
of the maneuver. That is, guidance and control problems result in 
crev takeover and burn completion at the ignition attitude, whereas 
SPS or spacecraft system problems are ignored until this important 
maneuver is completed. A backup to the PGNCS TEI cutoff will be per- 
formed by the crev at 3 seconds past nominal time, and confirmation 
of achieving the desired cutoff velocity vill be shown by the EJ4S AY 
counter. Inadvertent shutdowns during TEI vill be restarted if 
possible within about 30 seconds or a ground solution vill be required 
for a later abort attempt. Since abort targeting implies severe SPS 
problems and a communications failure would be required before an 
orboard backup is needed, the extensive preflight effort to generate 
TET crev charts i3 unwarranted. 


Manual takeover of the TEI maneuver vill occur when, as in LOI, 
the crew confirms a deviation from the fixed inertial burn attitude by 
two independent references. A rate limit of 10 deg/sec vill require 
immediate takeover, rate damping, and bum completion. The attitude 
deviation limit was selected with the aid of figure 9-1, which shows 
the MCC required for maneuvers controlled by a drifting PGNCS platform. 

It is seen that a drift which produces a 10° attitude change by the end 
of the 170-second maneuver requires an MCC of about 1%0. fps, The RCS 
capability at this point in the mission is approximately 200 fps, which 
allows some margin. As noted in section 8.1 (LOI Monitoring), this 
criteria for TEI was used to establish takeover limits, and for simplicity 
is used for LOI as veil. 

Effects of IMU platform pitch misalignments and drifts through TEI 
are shown in figure 9-2, 

For consistency, any SPS abort maneuver vill be made with the iden- 
tical procedures used during TEI. This is in keeping with the time- 
critical nature of execution of abort maneuvers. During TLC an abort 
using up to 7000 fps may be required, whereas lunar phase aborts generally 
require about 3000 fps. Even though the takeover limits previously 
described can result in large MCC’s, smaller limits will probably still 
require an SPS MCC. Also, the simplicity of having one monitoring pro- 
cedure for all SPS burns is an important consideration, especially for 
the flight crev. ' 
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9.2 Aborts [>uring TEI and Transearth Coast 

9.2.1 I ntroduction .- The TEI burn transfers t tie spacecraft from 
the t*C — by 60-n. mi. altitude LFO to the TEC. The transfer consists of 

single burn of at prox irately 171 seconds ar.i i-rirts a f.V of 
. . fps. 

Peiteratinf the philosophy of TFI burn monitoring, completion of 
the Tel burn is mandatory. That is, a manual shutdown will not be 
Initiated for any CSM systems problem. If an early automatic SFS shut- 
down occurs, an immediate restart will be attempted. Only if immediate 
reignition is not possible will an PTCC abort solution be required. 
Therefore, 3in:e abort target in| implies severe SFS problems, ana an 
additional failure of ccmvnicat Jen* would be required before an onboard 
backup is needed, the extensive preflight ei fort to generate TFI crew 
charts is unwarranted. 

In the following paragraphs . general parametric data of abort AY 
and total flight times are included to illustrate the possible tradeoffs 
that can be made in the final selection of the FTCC abort solution. 

9.2.2 Characteristics of lu nar trajectories result ir v f. y pr e- 
mature TEI shutdowns .- The description of the three classes of trajec- 
tories made in section 8.2.2 applies here, with the exception cf the 
respective TEI burn times: 

1. Class III - TEI ignition to 120 seconds. 

2. Class II - 120 seconds to 138 seconds. 

3. Class I - 138 seconds to nominal TEI shutdown. 

Figure 9-3 3hovs the conic parameters at TEI shutdown as a function 
of SPS burn time. 

9.2.3 Abort modes ,- The description of the lunar phase abort 
maneuvers in section 8,2,3 again aeplies here. Figure 9-*» shows the 
abort mode overlap that exists for the C* mission. Fote that a node III 
abort is available prior to 120 seconds of TEI burn. The range of TEI 
shutdowns for which a node I abort is possible is a function of the 
abort AV available and the delay time to abort initiation. Figure 9-5 
shows the SFS AY available following a premature SFS shutdovn during 
the TEI burn. 

9.2.1* Abort ground rules .- If an automatic SPS shutdown occurs 
prematurely and an immediate SFS reignition is not possible, the following 
abort criteria vill be followed: 
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1. If * nonimpact Ing pericynthion still exists (7EI burn time 
< 1?0 seconds), a mode III RTCC abort vill be initiated. 

2. If a nonimpacting pericynthion no longer exists (TEI burn 

time > 120 seconds), a mode I abort vill be initiated as soon as possible. 

It was stated in the previous TEI discussion that crew charts are 
unwarranted since several CSM system failures must occur before they 
vould be needed. However, an important onboard backup still available 
should be noted. Following a TEI burn in excess of 133 seconds, the 
spacecraft will exit the MSI. The onboard return-to-eart.h program 
(P-37) is new available to calculate the return-to-earth maneuver. The 
high AV requirements would be for a shutdown at 133 seconds since this 
is the lowest energy ellipse of the region. However, for this case the 
AY ■ 21*00 fps and the TFT - 100 hours. This is veil within the AY 
available of figure 9-5. 

9.2.5 Parametric abort data as a function of TEI shutdown .- This 
section includes a brief description of the abort AY requirements for 
the abort solutions generated by the RTCC. 

Figure 9-6(a) shows the minimum mode I abort AY for unspecified 
landing areas as a function of TEI burn time. Figure 9-6(b) indicates 
the corresponding total times from TEI shutdown to earth landing (TFT). 

The similarity of these figures as veil as the mode I contingency 
landing area data Fig. 9-T(a)» (b), and (c), to the previously discussed 
LOI data is evident. In addition, the mode III abort AY requirements for 
MPL and FCUA returns as a function of TEI bum time is presented in figure 
9-8. 


9.2.6 Abort analysis of specific TEI shutdowns .- Figure 9-9 pre- 
sents the abort AY and TFT for mode I aborts following a premature TEI 
shutdown at 60 seconds (class III preabort trajectory). Data is included 
for MPL and FCUA returns. The comparable mode III abort solutions are 
presented in figure 9-10. As seen in previous figures, the mode III 
abort affords a significant reduction in abort AV over the mode I 
maneuver , 

Figure 9-H shows the abort AY and TFT associated with mode I FCUA 
and CLA*s for TEI shutdown at 1^0 seconds (class 1 preabort trajectory). 
Returns to the MPL, AOL, EPL, VFl, and IOL are included. 

9.2.7 Transearth coast aborts .- Aborts during the TEC vould be 
initiated if a faster earth return is required than the nominal TEC. 

The amount of time the TEC can be reduced, however, is limited by the 
entry velocity restraints of the CM heat shield. This limit is 

36 333 fps. Therefore, depending on where in the TEC the abort Is ini- 
tiated, only a small reduction in TEC flight time is afforded since the 
normal entry velocity for lunar returns is in the range of 36 100 to 
36 200 fps. 
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The targeting for these abort maneuvers, as well as normal rid- 
ecurse corrections to correct entry conditions, is provided by either 
the F.TCC cr, outside the Mol, the CM? P-37. 
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10.0 CQMCIUSIORS 


A continuous method of returning th* flight cr*v safely to aarth 
JVar th* Apollo 9 mission - vUh or without ground control help - hu 
b**n defined, Th* mUomJ* and support * »*f data nr* contained U this 
operational iWr\ plan v Th*** supporting data consist prlasurlly of 
(1) iSHvnr Monitoring techniques aud Units us*d to protect against 
knows const r*Uts, sad (?) short trajectory data produced by computer 
slaulatloai of th* r#coa**ad*d abor^i procedures id»ntifi*d Is figure ?-l. 


10 . 1 launch Phss* 

Although continuous suborMtal short capability Is proelO*d during 
th* launch phss* , th* primary objective, In addition to crev safety, t» 
to cost Inu* to orbit This can h* accomplished when early S-1Y statin* 
capability becomes available, vhan th* 9-U Is burning, and when SPS C01 
cspahlllty becomes available during th* first S-1YR burn. 


10,? TH and Trans lunar Coast 

Th* poataborv trajectories resulting from *arly 9-1V1 shutdown 
and tb* lOnslsut* abort proc*dur* aay meult la land leadings, fems*d 
os tb* ppseted Inaccuracies la tb* attitude ellgMmat for tb* lQ-%inut* 
abxt , s HOC *111 b* retired for abort* oec'urrUg aftvr about 200 s*comd* 
lab* TU. 

All r*tur*-to- earth ass ,rr*r* rm tb* titMhaw hm! H»*l«* 

H UM *r* initiated at as attitude whieh causes tb* **rtb t* i|y**r la 
tb* IhUblllf 1 * Ol a i s * . 

lb* 9M ACi yraeld** * ****** ♦usability far returning tb* «C t* 
wHI fmllwt** t wtw i NH S* *> b **hft Mm til for **ct of tb* 

1U b*i, MHU tb **f***U| HIM HNMti by tb* e **i la*wy 
M*lyals »MtlM t* Astermiaa tb* UatUtlMi «a Mb ab*rta fm tb* 
wUH Ml 41 if ar t *d TU b«M. HMHIH WbU tlw is HM l M 1* 
i» Ud t U l« 

M l Ml tut Hmi Mtt 

A M M tWI HtVbdaHWM M Ml HU tl MU M lb* BPMMft*** 

■dkiMH Lnn iu m bmam aft tall a* Ua a^ani wu« |«a4t 

Ml 1A1 aSSMBBA Mis* Miss in 4 a iMtmn Ml a 

IBflM itttk 

*m mMhmi it m M MHm U auto* ft m m m mmmi 
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and neither of the above aborts were initiated. an onboard return-to-earth 
target lap capability exists. 


10.^ TKl and Traas«arth Coast 

Shutdowns during the TK1 burn can occur only iua to inadvertent 
v-itcxaatlc shutdown since annual shutdowns are not required. Inmedlat* 
SPS restarts will ba initiated. The oaly tiaa an abort is required is 
whan an 1 mediate SPS restart U not possible, which implies serious SFS 
problems. Since coanuni;** ions failures would also hare to occur in 
addition to very serious SFS probisms , backup crsw charts are not 
warranted. 

During the TIC. an abo.’t can shorten the return tine If CSM system 
problems occur. The p. inary constraint is the maximum entry velocity 
possible. 
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TABU A-I.- COBSTAJTO USED 11 TRAJECTORY 8IHULATI0R8 
(•) L4unch phese 


Fully loeded C8H weight, lb 63 571.0 

Beginning of Mission CM entry weight, lb. 12 153.0 

BPS thrust, lb 20 5 00 

SP8 specific impulse, sec , 3ll».l 

BPS fuel weight flow, lb/sec 65.26 

(b) TLI end TLC phase 

SC weight, lb 63 7U. 

SPS thrust, lb 20 500 

SP8 flow rete, lb/sec . 65.266 

RCS thrust (1), lb . . . 96. 00 

RCS flow rete, lb/sec . .381 

Pitch trim engle, deg . -1.65 

Yew trim angle, deg . . +1.27 

L/D 295 


(c) LQI , lunar orbit end TEI phese 
SC weight et U)I ignition, lb . . 62 629. 


SPS thrust, lb 20 500 

SPS I sp’ ,ec 31&.1 

Pitch trie engle, deg -3.215 

Yew trim engle, deg 2.22 
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APPENDIX B 


PCS ABORT STUDY 


Th* backup propulsion system for aborts on Apollo 8 is the SM RC8, 
vhicb delivers about 376 lb (four thrusters firing) of thrust in a steady 
state inertial attitude thrusting mode. The SM RC8 provides a return- 
to-earth capability folloving premature S-IVB shutdowns during TLI for a 
major portion of the TLI burn. 


This minimum fuel abort analysis was not constrained to any specific 
landing area. The study covers approximately the last l6 seconds of the 
S-IVB burn, which is the most critical period due to rapidly changing 
abort AV requirements and perturbations due to the moon’s gravitational 
influence. 


The optimum place to perform a minimum fuel abort is near apogee of 
the preabort trajectory. All aborts considered in this study were per- 
formed at or near apogee. 


Figure B-l shows the AV needed for a direct return to earth. The 
AV is shown both as a function of S-IVB burn time and inertial velocity 
at S-IVB shutdown. RC3 aborts performed for S-IVB shutdowns prior to 
306.5 seconds are performed in a retrograde attitude. Due to the moon’s 
perturbations, the RCS short must be performed in the po si grade attitude 
for S-IVB burn times of 306.5 to 31^.3 seconds. The reason la that the 
actual perigee of the trajectory in that region becomes less than the 
radius of the earth due to the moon's effect. For approximately the last 
2 seconds of the S-IVB burn, the perigee rapidly increases and the AV 
required for aborts becomes very large. The total available SM RCS AV 
available for aborts folloving early S-IVB shutdown Is approximately 
160 fps. During the last 1.8 seconds of the S-IVB bum, the perturbative 
effect from the moon is so large that the RCS does not have the capability 
to return the SC safely directly to the earth, although a circumlunar 
midcourse may be possible. (See ref. 27.) 


Figure B-2 shows the time frcm S-IVB shutdown to apogee and from 
shutdown to landing for RCS aborts at apogee (TFT). These times are 
shown as a function of inertial velocity at the time of S-IVB shutdown. 
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W SHVB bum time versus optimian delta velocity. 
Figure B-l.- Delta velocity required for RCS aborts at apogee. 
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